i in linn ui nn iii urn inn mm hi uin n iin mi mi mi 

US006341216B1 

(12) United States Patent m Patent no.: us 6,341,216 bi 

Itoh (45) Date of Patent: *Jan. 22, 2002 


(54) TRANSMITTER-RECEIVER CIRCUIT FOR 
RADIO COMMUNICATION AND 
SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

(75) Inventor: Junji Itoh, Hirakata (JP) 

(73) Assignee: Matsushita Electric Industrial Co., 
Ltd., Osaka (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

This patent is subject to a terminal dis- 
claimer. 

(21) Appl. No.: 09/091,268 

(22) PCT Filed: Dec. 17, 1996 

(86) PCT No.: PCT/JP96/03682 
§ 371 Date: Jun. 17, 1998 

§ 102(e) Date: Jun. 17, 1998 

(87) PCT Pub. No.: WO97/23053 
PCT Pub. Date: Jun. 26, 1997 

(30) Foreign Application Priority Data 
Dec. 18, 1995 (JP) 7-329210 

(51) Int. CI. 7 H04B 1/48 

(52) U.S. CI 455/83; 455/78; 455/129 

(58) Field of Search 455/78, 80, 82, 

455/83, 84, 89, 90, 129; 333/101, 103, 

104 


(56) References Cited 
U.S. PATENT DOCUMENTS 

4,637,073 A * 1/1987 Selin et al 455/78 

5,442,812 A * 8/1995 Ishizaki et al 455/82 

5,444,740 A * 8/1995 Mizukami et al 375/286 

5,594,394 A * 1/1997 Sasaki et al 333/103 

5,784,687 A * 7/1998 Itoh et al 455/78 

FOREIGN PATENT DOCUMENTS 

JP 04373317 12/1992 

JP 6-169266 6/1994 

JP 06237101 8/1994 

OTHER PUBLICATIONS 

P.S. Bachcrt, "Wireless Antenna Interface". Applied Micro- 
wave & Wireless, pp. 24, 26, 28-30, 32 and 35, Fall 1994. 

* cited by examiner 

Primary Examiner — Thanh Cong Le 

Assistant Examiner— -Thuan T. Nguyen 

(74) Attorney Agent, or Firm — McDermott, Will & Emery 

(57) ABSTRACT 

A transmitter-receiver circuit for radio communication, 
comprising a low-noise receiver amplifier (20); a first 
matching circuit (40) which converts the input impedance of 
the amplifier (20); a transmitter amplifier (10) including a 
second matching circuit (50) and a third matching circuit 
(60) which convert the impedances to transmitting signals; 
and a mode switch (30) for changing from transmitting to 
receiving and vice versa. The transmitter amplifier (10) has 
a control terminal (14) connected to the gate electrode of a 
high-power FET (12), and the output terminal (15 A) of the 
terminal (10) is connected to an antenna (80) not through the 
switch (30). 

4 Claims, 11 Drawing Sheets 
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TRANSMITTER-RECEIVER CIRCUIT FOR 

RADIO COMMUNICATION AND 
SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

TECHNICAL FIELD 

The present invention relates to a transmitter-receiver 
circuit and also relates to a semiconductor integrated circuit 
device including the transmitter-receiver circuit. More 
particularly, the present invention relates to transmitter- 
receiver circuit and semiconductor integrated circuit device 
suitable for a wireless communication unit using the same 
frequency as both transmission frequency and reception 
frequency. 

BACKGROUND ART 

In recent years, size, weight and price of various wireless 
communication units, e.g., portable cellular phone units for 
radio communication, have been drastically reduced, and the 
number of users thereof has been rapidly increasing. In 
conventional communication systems, a system configura- 
tion requiring distinct frequencies for transmission and 
reception has been adopted so far. On the other hand, in 
order to satisfy the needs of an even larger number of users, 
digital implementation has been gradually applied to these 
units. While two distinct frequencies per line have been 
required conventionally, such a digital wireless communi- 
cation unit can perform transmission and reception with the 
same frequency by dividing transmission and reception in a 
time-division manner. 

Even in such a wireless communication unit utilizing 
digital implementation, however, various circuits in a wire- 
less circuit section, including a transmitter amplifier, a 
low- noise receiver amplifier and a transmission/reception 
mode switch for switching transmission and reception, are 
still implemented by conventional circuits. Thus, it is an 
important problem to develop downsized transmitter- 
receiver circuits and, in particular, semiconductor integrated 
circuit integrated with these circuits that are suitably appli- 
cable to brand-new digital implementation. 

Also, a circuit including gallium-arsenide field effect 
transistors (hereinafter, simply referred to as "GaAs FETs"), 
having low-voltage, high-efficiency and low-noise operating 
characteristics and high- isolation characteristics, are often 
used for a transmitter amplifier, a low-noise receiver ampli- 
fier and a transmission/reception mode switch in a 
transmitter-receiver circuit for a wireless communication 
unit of a digital type. 

Hereinafter, an example of a conventional transmitter- 
receiver circuit will be described with reference to the 
drawings. 

FIG. 11 illustrates a configuration of a conventional 
digital transmitter-receiver circuit using FETS. In FIG. 11, 
110 denotes a transmitter amplifier for amplifying an input 
signal to be transmitted and then outputting the amplified 
signal. 120 denotes a low-noise receiver amplifier for ampli- 
fying an input received signal and then outputting the 
amplified signal. 130 denotes a mode switch for switching 
transmission state and reception state in a time-division 
manner. 140 denotes a first matching circuit for matching the 
impedance of the input received signal with the input 
impedance of the low-noise receiver amplifier 120. 150 
denotes a second matching circuit for matching the output 
impedance of the transmitter amplifier 110 with predeter- 
mined impedance. 160 denotes a third matching circuit for 
matching the output impedance of a FET 112 on the first 
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stage with the input impedance of a FET on the second stage. 
171 denotes first coupling capacitance for ac coupling the 
transmitter amplifier 110 with the second matching circuit 
150. 172 denotes second coupling capacitance for ac cou- 

5 pling the mode switch 130 with the first matching circuit 
140. 173 denotes a first interconnection, having character- 
istic impedance of 500, for connecting the mode switch 130 
to the second matching circuit 150. 174 denotes a second 
interconnection, having characteristic impedance of 50Q, 

10 for connecting the mode switch 130 to the first matching 
circuit 140. 175 denotes a third interconnection, having 
characteristic impedance of 50Q, for connecting the mode 
switch 130 to an antenna 180 used both for transmission and 
reception. 

15 In the transmitter amplifier 110 shown in FIG. 11, 111 
denotes an input terminal, through which a signal to be 
transmitted is input. 112 denotes a FET on the first stage, of 
which the gate electrode is provided with the input signal to 
be transmitted and the source is grounded. 113 denotes a first 

20 power supply terminal connected to the drain electrode of 
the FET 112 on the first stage. 114 denotes a FET on the 
second stage, of which the gate electrode is provided with 
the signal to be transmitted via the third matching circuit 160 
and the source is grounded. 115 denotes a second power 

25 supply terminal connected to the drain electrode of the FET 
114 on the second stage. 116 denotes an output terminal 
connected to the drain electrode of the FET 114 on the 
second stage. 

In the low-noise receiver amplifier 120 shown in FIG. 11, 

30 121 denotes an input terminal, through which a received 
signal is input via the first matching circuit 140. 122 denotes 
a low-noise FET, of which the gate electrode is provided 
with the received signal and the source is grounded. 123 
denotes an output terminal connected to the drain electrode 

35 of the low-noise FET 122. 

In the mode switch 130 shown in FIG. 11, 131 denotes an 
input terminal on the transmission side connected to the 
second matching circuit 150. 132 denotes an input/output 

40 terminal on the antenna side for outputting a signal to be 
transmitted, which has been amplified by the transmitter 
amplifier 110 and then input thereto via the second matching 
circuit 150 during transmission, to the antenna 180, and for 
receiving the received signal that has been received by the 

45 antenna 180 during reception. 133 denotes an output termi- 
nal on the reception side, through which the received signal 
input from the input/output terminal 132 on the antenna side 
is output. 134A denotes first switch-control-signal input 
terminals for controlling a first switching FET 135 and a 

5Q third switching FET 137. 134B denotes second switch- 
control-signal input terminals for controlling a second 
switching FET 136 and a fourth switching FET 138. 

In the first matching circuit 140 shown in FIG. 11, 141 
denotes an input terminal connected to the output terminal 

55 133 on the reception side of the mode switch 130 via the 
second coupling capacitance 172. 142 denotes an output 
terminal connected to the input terminal 121 of the low- 
noise receiver amplifier 120. 143 denotes a first inductor, 
one end of which is connected to the input terminal 141 and 

60 the other end of which is grounded, for constituting the first 
matching circuit 140. 144 denotes a second inductor, one 
end of which is connected to the input terminal 141 and the 
other end of which is connected to the output terminal 142, 
for constituting the first matching circuit 140. 

65 In the second matching circuit 150 shown in FIG. 11, 151 
denotes an input terminal connected to the output terminal 
116 of the transmitter amplifier via the first coupling capaci- 
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tance 171. 152 denotes an output terminal connected to the amplification on the first stage is performed by the FET 112 

input terminal 131 on the transmission side of the mode on the first stage. Impedance conversion is performed by the 

switch 130. 153 denotes a first capacitor, one end of which third matching circuit 160. Then, the signal is input to the 

is connected to the input terminal 151 and the other end of FET 114 on the second stage. The power of the signal is 

which is grounded, for constituting the second matching 5 amplified by the FET 114 on the second stage so as to reach 

circuit 150. 154 denotes an inductor, one end of which is predetermined power. The amplified signal to be transmitted 

connected to the input terminal 151 and the other end of ^ { t (0 the second matching circuit 150 via the first 

which is connected to a second capacitor 155, for constitut- ^ capacitance 171. The characteristic impedance 

ing the second matching circuit 150. 155 denotes the second thereof ^ s converted ^ 5QQ ^ then fa s[ £ . 

capacitor, one end of which is connected to the inductor 154 t , • , lU . . . f f. 

and the other end of which is connected to the output 10 t0 < he in P Ut K tc ™ n »f 131 ° n k the ^mission side of the 

terminal 152, for constituting the second matching circuit mode s ^ ltch ^0 through the first interconnection 173 

I 5 q having characteristic impedance of 50£2. 

In the third matching circuit 160 shown in FIG. 11, 161 At tms P oint in time > in the mod e switch 130, the second 

denotes a first capacitor, one end of which is connected to switching FET 136 and the fourth switching FET 138 have 

the drain electrode of the FET 112 on the first stage in the 1S been turned ON responsive to the control signal input 

transmitter amplifier 110 and the other end of which is through the second switch-control-signal input terminals 

connected to an inductor 162, for constituting the third 134B » wnile tne first switching FET 135 and the third 

matching circuit 160. 162 denotes the inductor, one end of switching FET 137 have been turned OFF responsive to the 

which is connected to the first capacitor 161 and the other control signal input through the first switch-control-signal 

end of which is connected to the gate electrode of the FET 20 in P ut terminals 134A. Thus, the input signal to be transmit- 

114 on the second stage in the transmitter amplifier 110, for ted is selectively directed to the antenna 180 via the second 

constituting the third matching circuit 160. 163 denotes a switching FET 136, which has been turned ON. On the other 

second capacitor, one end of which is connected to the na nd, the circuit section including the low-noise receiver 

inductor 162 and the gate electrode of the FET 114 on the amplifier 120 is electrically isolated from the circuit section 

second stage and the other end of which is grounded, for 25 including the transmitter amplifier 110, because the third 

constituting the third matching circuit 160. switching FET 137 has been turned OFF. Also, the former 

Hereinafter, the operation of the transmitter-receiver cir- circuit action is short-circuited, because the fourth switch- 

cuit having the above-described configuration will be in § FET 138 has been turaed 0N - 

described. The amplified signal to be transmitted passes through the 
First, the operation during reception will be described. second switching FET 136 in the conductive state and the 
A less intense received signal, input via the antenna 180, third interconnection 175 having characteristic impedance 
passes through the third interconnection 175 having char- of 50Q and is in P ut t0 the antenna 180 so as to be output 
acteristic impedance of 50Q and is input to the input/output through the antenna 180 as radio waves, 
terminal 132 on the antenna side of the mode switch 130. At 35 The above-described conventional transmitter-receiver 
this point in time, in the mode switch 130, the first switching circuit, however, had a problem in that the loss of a signal 
FET 135 and the third switching FET 137 have been turned passing through the mode switch 130 is large. In particular, 
ON responsive to the control signal input through the first the loss of a signal to be transmitted becomes an issue 
switch-control-signal input terminals 134A, while the sec- because such a signal requires high power. Thus, it is 
ond switching FET 136 and the fourth switching FET 138 40 necessary to improve the performance of a through switch- 
have been turned OFF responsive to the control signal input ing FET on the transmission side. In general, in order to 
through the second switch-control-signal input terminals reduce the pass loss, a switching FET having a large gate 
134B. Thus, the input signal is selectively directed to the length is required. In addition, if switching FETs of such a 
low-noise receiver amplifier 120 via the third switching FET large size are integrated, then the chip area is increased to 
137, which has been turned ON. On the other hand, the 45 such a degree that the area occupied by the mode switch 130 
circuit section including the transmitter amplifier 110 is becomes substantially equal to the area of the transmitter 
electrically isolated from the circuit section including the amplifier 110. Thus, problems are present in that downsizing 
low-noise receiver amplifier 120, because the second and cost-reduction thereof are hard to realize, 
switching FET 136 has been turned OFF. Also, the former The present invention can solve the above-described 
circuit section is short-circuited, because the first switching 50 conventional problems all at once, and has objects of reduc- 
FET 135 has been turned ON. ing the power consumption by eliminating the pass loss 
The signal switched by the third switching FET 137 in the caused by the mode switch on the signal to be transmitted 
conductive state is output through the output terminal on the and downsizing a wireless communication unit by reducing 
reception side of the mode switch 130, passed through the the area occupied by the mode switch in the transmitter- 
second interconnection 174 having characteristic impedance 5S receiver circuit, 
of 50Q and the second coupling capacitance 172 and then 

input to the first matching circuit 140. Then, impedance DISCLOSURE OF THE INVENTION 

matching is performed by the first inductor 143 and the l n order to accomplish the above-described objects, the 

second inductor 144 of the first matching circuit 140. present invention connects a transmitter amplifier to an 

Thereafter, the signal is input to the input terminal 121 of the 60 antenna without interposing any mode switch therebetween 

low-noise receiver amplifier 120. The received signal input by matching the inputs to a receiver amplifier while using, 

to the low-noise receiver amplifier 120 is amplified by the in combination, the output impedance of the transmitter 

low-noise FET 122 and the amplified signal is output amplifier during the OFF state and the output impedance to 

through the output terminal 123. the receiver amplifier. 

Next, the operation during transmission will be described, 65 A transmitter- receiver circuit for a wireless communica- 

First, modulated signal to be transmitted is input to the lion unit according to the present invention includes: a 

input terminal 111 of the transmitter amplifier 110. Power transmitter amplifier for amplifying and outputting an input 
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signal to be transmitted; a receiver amplifier for amplifying consumption can be reduced. On the other hand, during 
and outputting an input received signal; and a mode switch, reception, since a control terminal connected to the gate , 
connected to an antenna used for both transmission and electrode of the FET of the transmitter amplifier is provided, 
reception, for switching a transmission state where the the circuit section on the transmission side is short-circuited 
signal to be transmitted, which has been output by the 5 by applying a predetermined voltage to the gate electrode 
transmitter amplifier, is output to the antenna and a reception . and using the FET having the grounded source as resistance. * 
slate where the received signal, to be input to the receiver As a result, a mode switch on the transmission side, which 
amplifier, is input through the antenna. The transmitter has conventionally been required, is no longer necessary. In 
amplifier includes: an amplifying FET, having a gate elec- other words, a mode switch on the reception side may be 
trode connected to an input terminal" of the signal to be 10 constituted by only one switching device, and thus the area 
transmitted, a drain electrode connected to a power supply . occupied by the mode switch in the entire circuit can be 
terminal and a source electrode grounded;* a matching reduced. As a result, the overall size of the transmitter- 
circuit, connected between the drain electrode of the FET receiver circuit can be reduced. Moreover, where a receiving . 
and the antenna, for matching output impedance of the FET' matching circuit for matching the impedance of the received , 
with impedance on the antenna side; a control terminal 15 signal with the input impedance of the receiver amplifier is 
connected to the gate electrode of the FET; and an output provided between the mode switch and the receiver ' 
terminal directly connected to the antenna without passing *" amplifier, a terminal allowing for optimization of the circuit} 
through the mode switch. constant of the receiving matching circuit can be selected. 

In the transmitter-receiver circuit for a wireless commu- As a result, since the design flexibility of the receiving 

nication unit, since the output terminal of the transmitter 20 matching circuit can be increased, the size of the receiving 

amplifier is directly connected to the antenna without pass- matching circuit can be reduced. 

ing through the mode switch during transmission, the pass A semiconductor integrated circuit device according to 
loss, ordinarily caused by a switch on a signal to be , the present invention, includes: a semiconductor substrate; a 
transmitted, can be eliminated. As a result, the power - transmitter amplifier, formed on the semiconductor 
consumption can be reduced. On the other hand, during 2 s substrate, for amplifying and outputting an input signal to be 
reception, since a control terminal connected to the gate transmitted; a receiver amplifier, formed on the semicon- 
electrode of the FET of the transmitter amplifier is provided, ductor substrate, for amplifying and outputting an input* 
the circuit section on the transmission side is short-circuited received signal; and a mode switch, formed on the semi-, 
by applying a predetermined voltage to the gate electrode conductor substrate and connected to an input/output termi- 
and using the FET having the grounded source as resistance. 30 nal on an antenna side used for both transmission and 
As a result, a mode switch on the transmission side, which v reception, for switching a transmission state where the 
has conventionally been required, is no longer necessary. In . signal to be transmitted, which has been output by the 
other words, a mode switch on the reception side may be . transmitter amplifier, is output to the input/output terminal, 
constituted by only one switching device, and thus the area on the antenna side and a reception state where the received - 
occupied by the mode switch in the entire circuit can be 35 signal, to be input to the receiver amplifier, is input through 
reduced. As a result, the overall size of the transmitter- the input/output terminal on the antenna side. The transmit- A 
receiver circuit can be reduced. ter amplifier includes: an amplifying FET, having a gate 
Another transmitter-receiver circuit for a wireless com- electrode connected to an input terminal of the signal to be - 
munication unit according to the present invention includes: transmitted, a drain electrode connected to a power supply 
a transmitter amplifier for amplifying and outputting an 40 terminal and a source electrode grounded; a matching , 
input signal to be transmitted; a receiver amplifier for circuit, connected between the drain electrode of the FET 
amplifying and outputting an input received signal; and a and the input/output terminal on the antenna side, for 
mode switch, connected to an antenna used for both trans-) matching output impedance of the FET with impedance on 
mission and reception, for switching a transmission state* the antenna side; a control terminal connected to the gate 
where the signal to be transmitted, which has been output by."45 electrode of the FET; and an output terminal directly con- 
the transmitter amplifier, is output to the antenna and a ' nected to the input/output terminal on the antenna side] 
reception state where the received signal, to be input to the ■ without passing through the mode switch, 
receiver amplifier, is input through the antenna. The trans- In the semiconductor integrated circuit device, since the 
mitter amplifier includes: an amplifying FET, having a gate - output terminal of the transmitter amplifier is directly con- 
electrode connected to an input terminal of the signal to be 50 nected to the input/output terminal on the antenna side 
transmitted, a drain electrode connected to a power supply ' without passing through the mode switch during 
terminal and a source electrode grounded; a matching « transmission, the pass loss, ordinarily caused by a switch on 
circuit, connected between the drain electrode of the FET a signal to be transmitted, can be eliminated. As a result, the 
and the antenna, for matching output impedance of the FET ' power consumption can be reduced. On the other hand, 
with impedance on the antenna side; a control terminal 55 during reception, since a control terminal connected to the 
connected to the gate electrode of the FET; and an output , gate electrode of the FET of the transmitter amplifier is 
terminal directly connected to the antenna without passing . provided, the circuit section on the transmission side is 
through the mode switch. The input terminal on the antenna short-circuited by applying a predetermined voltage to the 
side of the mode switch is connected to a terminal of the gate electrode and using the FET as resistance. As a result, 
matching circuit, which is different from the output terminal 60 a mode switch on the reception side may be constituted by 
of the signal to be transmitted of the matching circuit. only one switching device, and thus the area occupied by the 
In the transmitter-receiver circuit for a wireless commu- mode switch in the entire circuit can be reduced, 
nication unit, since the output terminal of the transmitter Consequently, features advantageous for high integration 
amplifier is directly connected to the antenna without pass- can be attained and the device can be downsized, 
ing through the mode switch during transmission ,4he pass' 65 Another semiconductor integrated circuit device accord- 
loss, ordinarily caused by a switch on a signal to be ing to the present invention includes: a semiconductor 
transmitted, can be eliminated. As a result, the power substrate; a transmitter amplifier, formed on the semicon- 
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ductor substrate, for amplifying and outputting an input 
signal to be transmitted; a receiver amplifier, formed on the 
semiconductor substrate, for amplifying and outputting an 
input received signal; and a mode switch, formed on the 
semiconductor substrate and connected to an input/output 5 
terminal on an antenna side used for both transmission and 
reception, for switching a transmission state where the 
signal to be transmitted, which has been output by the 
transmitter amplifier, is output to the input/output terminal 
on the antenna side and a reception state where the received 10 
signal, to be input to the receiver amplifier, is input through - 
the input/output terminal on the antenna side. The transmit- , 
ter amplifier includes: an amplifying FET, having a gate 
electrode connected to an input terminal of the signal to be 
transmitted, a drain electrode connected to a power supply 15 
terminal and a source electrode grounded; a matching 
circuit, connected between the drain electrode of the FET 
and the input/output terminal on the antenna side, for 
matching output impedance of the FET with impedance on, 
the antenna side; a control terminal connected to the gate 20 
electrode of the FET; and an output terminal directly con- 
nected to the input/output terminal on the antenna side, 
without passing through the mode switch. The input terminal 
on the antenna side of the mode switch is connected to a 
terminal of the matching circuit, which is different from the 2 5 
output terminal of the signal to be transmitted of the match- 
ing circuit. 

In the semiconductor integrated circuit device, since the 
output terminal of the transmitter amplifier is directly con- 
nected to the input/output terminal on the antenna side 30 
without passing through the mode switch during 
transmission, the pass loss, ordinarily caused by a switch on 
a signal to be transmitted, can be eliminated. As a result, the 
power consumption can be reduced. On the other hand, 
during reception, since a control terminal connected to the 35 
gate electrode of the FET of the transmitter amplifier is 
provided, the circuit section on the transmission side is 
short-circuited by applying a predetermined voltage to the 
gate electrode and using the FET as resistance. As a result, 
a mode switch on the transmission side is no longer neces- 40 
sary. In other words, a mode switch on the reception side 
may be constituted by only one switching device, and thus 
the area occupied by the mode switch in the entire circuit can 
be reduced. Moreover, where a receiving matching circuit 
for matching the impedance of the received signal with the 45 
input impedance of the receiver amplifier is provided 
between the mode switch and the receiver amplifier, a 
terminal allowing for optimization of the circuit constant of 
the receiving matching circuit .can be selected. As a result, 
since the design flexibility of the receiving matching circuit 50 
can be increased, the size of the receiving matching circuit 
can be reduced. Consequently, the size of the device can be 
further reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a transmitter-receiver circuit 
for a wireless communication unit according to the first 
embodiment of the present invention. 

FIG. 2 is an equivalent circuit diagram where the 
transmit ter- receiver circuit for a wireless communication 60 
unit according to the first embodiment of the present inven- 
tion performs receiving operation. 

FIG. 3 is a circuit diagram of a transmitter-receiver circuit 
for a wireless communication unit according to the second 
embodiment of the present invention. 65 

FIG. 4 is an equivalent circuit diagram where the 
transmit ter- receiver circuit for a wireless communication 
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unit according to the second embodiment of the present 
invention performs receiving operation. 

FIGS. S(d) through 5(d) are circuit diagrams illustrating 
variations of a second matching circuit and an output 
terminal of a received signal in the transmitter-receiver 
circuit for a wireless communication unit according to the 
second embodiment of the present invention. 

FIGS. 6(d) through 6(d) are circuit diagrams illustrating 
variations of the second matching circuit and the output 
terminal of the received signal in the transmitter-receiver 
circuit for a wireless communication unit according to the 
second embodiment of the present invention. 

FIG. 7 is a circuit diagram of a transmitter- receiver circuit 
where GaAs FETs are used for a semiconductor integrated 
circuit device according to the third embodiment of the 
present invention. 

FIG. 8 is a circuit diagram of a transmitter-receiver circuit 
where GaAs FETs are used for a semiconductor integrated 
circuit device according to the fourth embodiment of the 
present invention. 

FIG. 9 is a circuit diagram of a transmitter- receiver circuit 
for a wireless communication unit according to the fifth 
embodiment of the present invention. 

FIG. 10 is an equivalent circuit diagram where the 
transmitter- receiver circuit for a wireless communication 
unit according to the fifth embodiment of the present inven- 
tion performs transmitting operation. 

FIG. 11 is a circuit diagram of a conventional transmitter- 
receiver circuit of a digital type using FETs. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

Hereinafter, the first embodiment of the present invention 
will be described with reference to the drawings. 

FIG. 1 is a circuit diagram of a transmitter- receiver circuit 
for a wireless communication unit according to the first 
embodiment of the present invention. In FIG. 1, 10 denotes , 
a transmitter amplifier for amplifying an input signal to be ' 
transmitted and then outputting the amplified signal. 20 \ 
denotes a low-noise receiver amplifier for amplifying an 
input received signal and then outputting the amplified . 
signal. 30 denotes a mode switch for switching transmission 
state and reception state in a time-division manner. 40 ; 
denotes a first matching circuit for matching the impedance 
of the input received signal with the input impedance of the 
low-noise receiver amplifier 20. 50 denotes a second match-*, 
ing circuit for matching the output impedance of the trans- . 
mitter amplifier 10 with predetermined impedance. 60 ' 
denotes a third matching circuit for matching the impedance 
of the input signal to be transmitted with the input imped- 
ance of a high-power FET 12 of the transmitter amplifier 10. 
70 denotes an interconnection, having characteristic imped-, 
ance of 50Q, for connecting the mode switch 30, the* 
transmitter amplifier 10 and an antenna 80 used for both 
transmission and reception with each other. 71 denotes 
coupling capacitance for ac coupling the mode switch 30 to 
the first matching circuit 40. 

In the transmitter amplifier 10 shown in FIG. 1, 11 denotes 
an input terminal, through which a signal to be transmitted 
is input. 12 denotes a high-power FET, of which the gate 
electrode is provided with the input signal to be transmitted 
via the third matching circuit 60 and the source is grounded. 
13 denotes a power supply terminal connected to the drain 
electrode of the high-power FET 112. 14 denotes a control 
terminal connected to the gate electrode of the high-power 


03/11/2004, EAST Version: 1.4.1 


US 6,3' 

9 

FET 12 via resistance. ISA denotes an output terminal 
connected to the antenna 80 through an interconnection 70 
having characteristic impedance of 500 and to an input 
terminal 31 of the mode switch 30, y\ 

In the low-noise receiver amplifier 20 shown in FIG. M, 
21 denotes an input terminal, through which a received 
signal is input via the first matching circuit 40. 22 denotes 
a low-noise FET, of which the gate electrode is provided 
with the received signal and the source is grounded. 23 
denotes an output terminal connected to the drain electrode 10 
of the low-noise FET 22: 

In the mode switch 30 shown in FIG. 1, 31 denotes an 
input terminal connected to the antenna 80 through the 
interconnection 70 having characteristic impedance of 50Q - 
and to the output terminal ISA of the transmitter amplifier 35 
10. 32 denotes a switch-control-signal input terminal for 
controlling a switching FET 34. ' 33' denotes an output 
terminal, through which the received signal, input through 
the antenna 80, is output. 

In the first matching circuit 40 shown in FIG. 1, 41 20 
denotes an input terminal connected to the output terminal 
33 of the mode switch 30 via the coupling capacitance 71. ' 
42 denotes an output terminal connected to the input termi- 
nal 21 of the low-noise receiver amplifier 20. 43 denotes a 
first inductor, one end of which is connected to the input 25 
terminal 41 and the other end of which is grounded, for 
constituting the first matching circuit 40. 44 denotes a 
second inductor, one end of which is connected to the input 
terminal 41 and the other end of which is connected to the 
output terminal 42, for constituting the first matching circuit 30 
40. 

In the second matching circuit 50 shown in FIG. 1, 51 
denotes a first capacitor, one end of which is connected to 
the drain electrode of the high -power FET 12 and the other 
end of which is grounded, for constituting the second 35 
matching circuit 50. 52 denotes an inductor, one end of 
which is connected to the drain electrode of the high-power 
FET 12 and the other end of which is connected to a second 
capacitor 53, for constituting the second matching circuit 50. 
53 denotes a second capacitor, one end of which is con- 40 
nected to the inductor 52 and the other end of which is 
connected to the output terminal ISA, for constituting the 
second matching circuit 50. 

In the third matching circuit 60 shown in FIG. 1, 61 
denotes a first capacitor, one end of which is connected to 45 
the input terminal 11 of the transmitter amplifier 10 and the 
other end of which is connected to an inductor 62, for 
constituting the third matching circuit. 62 denotes the 
inductor, one end of which is connected to the first capacitor 
61 and the other end of which is connected to the gate 50 
electrode of the high-power FET 12 of the transmitter 
amplifier 10, for constituting the third matching circuit 60. 
63 denotes a second capacitor, one end of which is con- 
nected to the inductor 62 and the gate electrode of the 
high -power FET 12 and the other end of which is grounded, 55 
for constituting the third matching circuit. 

In this embodiment, the FETs constituting the transmitter 
amplifier 10, the low-noise receiver amplifier 20 and the 
mode switch 30 are assumed to be GaAs FETs or silicon 
MOSFETs. 60 

Hereinafter, the operation of the transmitter-receiver cir- 
cuit having the above-described configuration will be 
described with reference to FIGS. 1 and 2. 

FIG. 2 is an equivalent circuit diagram where the 
transmitter- receiver circuit for a wireless communication 65 
unit according to the first embodiment of the present inven- 
tion performs receiving operation.- In FIG. 2, the same 
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components as those of the transmitter- receiver circuit 
shown in FIG. 1 are identified by the same reference 
numerals and the description thereof will be omitted herein. 
First, the operation thereof during reception will be 
5 described. 

As shown in FIG. 1, a less intense received signal, which 
has been input through the antenna 80, passes- through the 
interconnection 70 having characteristic impedance of 50Q 
• and is input to the mode switch 30. 

In the mode switch 30, the switching FET 34 has been 
turned ON responsive to the control signal input through the. 
switch -control-signal input terminal 32. Thus, the input 
received signal is next passed through the switching FET 34, 
the output terminal 33 of the mode switch 30 and the- 
coupling capacitance 71 so as to be input to the first 
matching circuit 40. 

Subsequently, the impedance of the input received signal 
is matched with the input impedance of the low-noise 
receiver amplifier 20. Thereafter, the signal is input to the 
input terminal 21 of the low-noise receiver amplifier 20. At 
this point in time, by turning ON the high-power FET 12 
upon the application of a control voltage to the control, 
terminal 14 of the high-power FET 12 in the transmitter 
amplifier 10, the high-power FET 12 can be equivalent to 
pure resistance 12 A as shown in FIG. 2. Ill us, the circuit 
section on the transmission can be short-circuited during 
reception. Accordingly, the input impedance of the low- 
noise receiver amplifier 20 can be matched by the first 
inductor 43 and the second inductor 44 constituting the first 
matching circuit 40 and the inductor 52 constituting the 
second matching circuit 50. 

Next, the received signal input to the low-noise receiver* 
amplifier 20 is amplified by the low-noise FET 22 and then 
output through the output terminal 23 of the low-noise 
receiver amplifier 20. 

It is noted that, if the transmitter amplifier 10 performs 
multiple -stage amplification using a plurality of FETs, the 
control terminal 14 may be provided for the FET on the last 
amplification stage. 

Next, the operation thereof during transmission will be 
described with reference to FIG. 1. ' 

First, a signal to be transmitted, which has been modu- 
lated and amplified to reach a predetermined signal level, is 
input to the input terminal 11 of the transmitter amplifier 10. 

Then, after the impedance of the input signal to be 
transmitted is matched by the third matching circuit 60 with 
the input impedance of the high-power FET 12, the input' 
signal to be transmitted is amplified by the high-power FET 
12 to gain predetermined power. 

Subsequently, after having been subjected to the imped- 
ance conversion by the second matching circuit 50, the 
amplified signal to be transmitted is passed through the 
interconnection 70 having characteristic impedance of 50Q, 
input to the antenna 80 and then output by the antenna 80 as 
radio waves. Since the switching FET 34 is turned OFF in 
the mode switch 30, the circuit section on the reception side 
is isolated from the antenna 80 and the transmitter amplifier 
10. 

This embodiment is characterized in that the transmitter 
amplifier 10 can be connected to the antenna 80 without 
interposing any switch therebetween by matching the inputs" 
to the low-noise receiver amplifier 20 'using the output 
impedance of the transmitter amplifier 10 during the OFF 
state and the output impedance of the first matching circuit 
40 to the low-noise receiver amplifier 20. Thus, since the 
switch for transmission need not be used* the pass loss 
caused by a switching device on the output signal of the 
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transmitter amplifier 10 can be eliminated. As a result, low 
power consumption is realized during transmission. 

In addition, since only one switching FET is necessary, 
the mode switch can have a reduced area and can be 
integrated more highly. 5 

The value of resistance where the control terminal 14 of 
the high-power FET 12 is used as having been turned ON by 
applying a voltage to the control terminal 14 during the 
transmission OFF state is equal to or lower than 1Q, which 
is the ON resistance of a generally used FET. Thus, the 10 
influence of the resistance on the input matching of the 
low-noise receiver amplifier 20 is negligible. 
Second Embodiment 

Hereinafter, the second embodiment of the present inven- 
tion will be described with reference to the drawings. is 

FIG. 3 is a circuit diagram of a transmitter-receiver circuit 
for a wireless communication unit according to the second 
embodiment of the present invention. In FIG. 3, 10 denotes 
a transmitter amplifier for amplifying an input signal to be 
transmitted and then outputting the amplified signal. 20 20 
denotes a low-noise receiver amplifier for amplifying an 
input received signal and then outputting the amplified 
signal. 30 denotes a mode switch for switching transmission 
state and reception state in a time -division manner. 40 
denotes' a first matching circuit for matching the impedance 25 
of the input received signal with the input impedance. of the 
low-noise receiver amplifier 20. 50 denotes a second-match- 
ing circuit for matching the output impedance of the trans- 
mitter amplifier 10 with predetermined impedance. 60 
denotes a third matching circuit for matching the impedance 30 
of the input signal to be transmitted with the input imped- 
ance of a high-power FET 12 of the transmitter amplifier 10. 
70 denotes an interconnection, having characteristic imped- 
ance of 50Q, for connecting a terminal 15B functioning as 
output terminal for transmission and input terminal for 35 
reception of the transmitter amplifier 10 to the antenna 80 
used for both transmission and reception. 71 denotes cou- 
pling capacitance for ac coupling the mode witch 30 to the 
first matching circuit 40. In FIG. 3, the same components as 
those of the circuits shown in FIG. 1 are identified by the 40 
same reference numerals and the description thereof will be 
omitted herein. 

This embodiment is different from the first embodiment in 
that the input terminal 31 of the' mode switch 30 is connected 
not to the terminal 15B functioning as output terminal for 45 
transmission and input terminal for reception of the trans- 
mitter amplifier 10, but to an output terminal 16 of the 
received signal. The output terminal 16 is used in common 
both as a terminal of the drain electrode of the high-power 
FET^12 and as a non-grounded terminal of the first capacitor 50 
51 in the second matching circuit 50. J 

Hereinafter, the operation of the transmitter-receiver cir- 
cuit having the above-described, configuration will be 
described with reference to FIGS. 3 and 4. 

The operation thereof during transmission is the same as 55 
that of the transmitter-receiver circuit described in the first 
embodiment, and thus the description thereof will be omit- 
ted herein. Only the operation thereof during reception will 
be described hereinafter. 

FIG. 4 is an equivalent circuit diagram where the 60 
transmitter-receiver circuit for a wireless communication 
unit according to the second embodiment performs receiving 
operation. 

First, as shown in FIG. 3, a less intense received signal, 
which has been input through the antenna 80, passes through 65 
the interconnection 70 having characteristic impedance of 
5QQ, the terminal 156 functioning as output terminal for 
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transmission and input terminal for reception of the trans- 
mitter amplifier 10 and the seconefmatching circuit 50, and 
then is input to the mode switch 30. 

In the mode switch 30, the switching FET 34 has been 
turned ON responsive to the control signal input through the 
switch-control-signal input terminal 32. ' Thus, the input 
received signal is next passed through the switching FET 34, 
the output terminal 33 % of the mode switch 30 and the 
coupling capacitance 71 so as to be input to the first 
matching circuit 40.'" 

Subsequently, the impedance of the input received signal 
is matched with the input impedance of the low-noise 
receiver amplifier 20 by the first matching circuit 40. 
Thereafter, the signal is input to the input terminal 21 of the 
low-noise receiver amplifier 20; At this point in time, by 
turning ON the high-power FtT 1| upon the application of 
a control voltage to the control terminal 14 'of the high- 
power FET~ 12- in the transmitter amplifier 10, the hi^h- 
power FET 12 can be equivalent to pure resistance 12A as 
shown in FIG. 4. Thus, the circuit section on the transmis- 
sion side can be short-circuited, during reception.^ 
Accordingly, the input impedance of the low-noise receiver 
amplifier 20 can be matched by the first inductor 43 and the 
second inductor 44 constituting the first matching circuit 40 
and the inductor 52 constituting the second matching circuit 
50. 

Next, the received signal input to the low-noise receiver 
amplifier 20 is amplified by the low-noise FET 22 and then 
output through the output terminal 23 of the low-noise 
receiver amplifier 20. 

It is noted that, if the transmitter amplifier 10 performs 
multiple-stage amplification using a plurality of FETS, the 
control terminal 14 may be provided for the FET on the last 
amplification stage. 

As can be understood, in this second embodiment, the 
resulting number of devices can be reduced, for example, by 
using the inductor 43 required for the first matching circuit 
40 simultaneously as the inductor 52 in the second matching 
circuit 50 as shown in FIG. 4. As a result, the size of the first 
matching circuit 40 can be reduced. 

That is to say, during reception, there is no problem if only 
impedance matching is realized between the antenna 80 and 
the low-noise receiver amplifier 20 by using the devices of 
the first matching circuit 40 and the second matching circuit. 
Thus, by comparison to the first embodiment, the design 
flexibility of the first matching circuit 40 can be increased. 

For example, once the first matching circuit 40 is fixed, 
the first matching circuit 40 itself cannot be changed. 
However, even in such a case, by providing the output 
terminal 16 of the received signal at such a position of the 
second matching circuit 50 as to optimize the impedance 
matching with the low-noise receiver amplifier 20, the first 
matching circuit 40 can also be connected to the output 
terminal 16 of the received signal. Thus, the number of 
devices can be reduced simultaneously. 

Herein, variations of the second matching circuit 50 and 
variations of the output terminal of the received signal at 
respective positions corresponding to the respective varia- 
tions where impedance matching with the low-noise receiver 
amplifier 20 is optimized are illustrated in FIGS. 5 and 6. In 
the second matching circuit 50 shown in FIG. 5(a), the 
output terminal 16 A of the received signal is connected to 
the connection point between the inductor 52 and the second 
capacitor 53. In the second matching circuit 50A shown in 
FIG, 5(6), the inductor is divided into two parts 52A and 
52B, and the output terminal 16B of the received signal is 
connected to the drain electrode of a high -power FET 12 
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(not shown) and to a non-grounded terminal, i.e., a common 
terminal of the first capacitor 51. In the second matching 
circuit 50A shown in FIG. 5(c), the output terminal 16C of 
the received signal is connected to a common terminal of the 
inductors 52A and 52B. In the second matching circuit SOB 
shown in FIG. 5(d), one terminal of the inductor 52 is 
grounded and the other end thereof is connected to the drain 
electrode of the high-power FET 12 and to the non-grounded 
terminal, i.e., the common terminal of the first capacitor 51, 
to which terminal the output terminal 16D of the received 
signal is connected. In the second matching circuit 50C 
shown in FIG. 6(a), a second inductor 54 is newly added to 
the second matching circuit 50, one terminal of the second 
inductor 54 is grounded and the other end thereof is con- 
nected to the drain electrode of the high-power FET 12 and 
to the non grounded terminal, i.e., the common terminal of 
the first capacitor 51, to which terminal the output terminal 
16E of the received signal is connected. In the second 
matching circuit 50C shown in FIG. 6(b), the output termi- 
nal 16F of the received signal is connected to the connection 
point between 15 the inductor 52 and the second capacitor 
53. In the second matching circuit SOD shown in FIG. 6(c), 
a third capacitor 55 is newly added to the second matching 
circuit 50C, one terminal of the third capacitor 55 is 
grounded and the other end thereof is connected to the 
connection point between the 20 inductor 52 and the second 
capacitor 53, and the output terminal 16G of the received 
signal is connected to the drain electrode of a high-power 
FET 12 (not shown) and to a non-grounded terminal, i.e., a 
common terminal of the first capacitor 51. In the second 
matching circuit SOD shown in FIG. 6(d), the output termi- 
nal 16H of the received signal is connected to a common 
connection point among the inductor 52, the second capaci- 
tor 53 and the third capacitor 55. 
Third Embodiment 

Hereinafter, the third embodiment of the present invention 
will be described with reference to the drawings. 

FIG. 7 is a circuit diagram of a transmitter-receiver circuit 
where GaAs FETs are used for a semiconductor integrated 
circuit device according to the third embodiment of the 
present invention. That is to say, FIG. 7 is a circuit diagram 
of a device formed by integrating the transmitter-receiver 
circuit for a wireless communication unit as described in the 
first embodiment onto a semiconductor substrate. 

In FIG. 7, 10 denotes a transmitter amplifier for ampli- 
fying an input signal to be transmitted and then outputting 
the amplified signal. 20 denotes a low-noise receiver ampli- 
fier for amplifying an input received signal and then out- 
putting the amplified signal. 30 denotes a mode switch for 
switching transmission state and reception state in a time- 
division manner. 40 denotes a first matching circuit for 
matching the impedance of the input received signal with the 
input impedance of the low-noise receiver amplifier 20. 50 
denotes a second matching circuit for matching the output 
impedance of the transmitter amplifier 10 with predeter- 
mined impedance. 60 denotes a third matching circuit for 
matching the impedance of the input signal to be transmitted 
with the input impedance of a high-power FET 12 of the 
transmitter amplifier 10. 70 denotes an interconnection, 
having characteristic impedance of 50Q, for connecting an 
input/output terminal 72 on the antenna side to the antenna 
80 used for both transmission and reception. 71 denotes 
coupling capacitance for ac coupling the mode switch 30 to 
the first matching circuit 40. 

r lhe respective circuits described above, i.e., the trans- 
mitter amplifier 10 including the second matching circuit 50 
and the third matching circuit 60, the low-noise receiver 
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amplifier 20, the mode switch 30 and the first matching 
circuit 40, are formed on a semiconductor substrate 

In the transmitter amplifier 10 shown in FIG. 7, 11 denotes 
an input terminal, through which a signal to be transmitted 

5 is input. 12 denotes a high-power FET, of which the gate 
electrode is provided with the input signal to be transmitted 
via the third matching circuit 60 and the source is grounded. 
13 denotes a power supply terminal connected to the drain 
electrode of the high -power FET 12. 14 denotes a control 

10 terminal connected to the gate electrode of the high-power 
FET 12. 15A denotes a terminal functioning as output 
terminal on the transmission side and input terminal on the 
reception side, which is connected to the input/output ter- 
minal 72 on the antenna side and to the input terminal 31 of 

15 the mode switch 30. 

In the low-noise receiver amplifier 20 shown in FIG. 7, 21 
denotes an input terminal of the low-noise receiver amplifier 
20, through which a received signal is input via the first 
matching circuit 40. 22 denotes a low-noise FET, of which 

20 the gate electrode is provided with the received signal and 
the source is grounded. 23 denotes an output terminal of the 
low-noise receiver amplifier 20 connected to the drain 
electrode of the low-noise FET 22. 

In the mode switch 30 shown in FIG. 7, 31 denotes an 

25 input terminal connected to the antenna 80 through the 
interconnection 70 having characteristic impedance of 50Q 
and to the output terminal 15 of the transmitter amplifier 10. 
32 denotes a switch-control-signal input terminal for con- 
trolling a switching FET. 33 denotes an output terminal, 

30 through which the received signal, input through the antenna 
80, is output. 34 denotes a switching FET constituting the 
mode switch 30. In FIG. 7, the same components as those of 
the respective matching circuits shown in FIG. 1 are iden- 
tified by the same reference numerals and the description 

35 thereof will be omitted herein. 

Since the operation of the semiconductor integrated cir- 
cuit device according to this embodiment is the same as that 
of the first embodiment, the description thereof will be 
omitted herein. 

40 In accordance with this embodiment, the transmitter 
amplifier 10 can be connected to the antenna 80 without 
interposing any switch therebetween by matching the inputs 
to the low-noise receiver amplifier 20 while using, in 
combination, the output impedance of the transmitter ampli- 

45 fier 10 during the OFF state and the output impedance of the 
first matching circuit 40 to the low-noise receiver amplifier 
20. Thus, since the use of a switch for transmission is no 
longer necessary, it is possible to eliminate the pass loss that 
is ordinarily caused by a switching device on the output 

50 signal of the transmitter amplifier 10. As a result, the power 
consumption can be reduced during transmission. 

In addition, since only one switching FET is required, the 
area occupied by the mode switch on the transmitter- 
receiver circuit can be narrowed, high integration is enabled. 

55 Ultimately, this fact can contribute to downsizing and cost 
reduction of a wireless communication unit incorporating 
the semiconductor integrated circuit device according to this 
embodiment. 

In this embodiment, GaAs FETs are used as the FETs 
60 constituting the transmitter amplifier 10, the low-noise 
receiver amplifier 20 and the mode switch 30. Alternatively, 
these FETs may be silicon MOSFETs. 

The value of resistance where the control terminal 14 of 
the high-power FET 12 is used as having been turned ON by 
65 applying a voltage to the control terminal 14 during the 
transmission OFF state is equal to or lower than 10, which 
is the ON resistance of a generally used FET. Thus, the 
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influence of the resistance on the input matching of the flexibility of the first matching circuit 40 can be increased, 

low-noise receiver amplifier 20 is negligible. For example, by providing the output terminal 16 of the 

Fourth Embodiment received signal at such a position of the second matching 

Hereinafter, the fourth embodiment of the present inven- circuit 50 as to optimize the impedance matching with the 

tion will be described with reference to the drawings. 5 low-noise receiver amplifier 20, the input terminal 31 of the 

FIG. 8 is a circuit diagram of a transmitter-receiver circuit mode switch 30 can also be connected to the output terminal 

where GaAs FETs are used for a semiconductor integrated 16 of the received signal. Thus, the number of devices can 

circuit device according to the fourth embodiment of the be reduced simultaneously. In this case, it is naturally 

present invention. That is to say, FIG. 8 is a circuit diagram possible to apply the respective variations 50A through 50D 

of a device formed by integrating the transmitter- receiver 10 of the second matching circuit 50 shown in FIGS. 5 and 6 

circuit for a wireless communication unit as described in the and the respective variations of the output terminals 16A to 

second embodiment onto a semiconductor substrate. 16H of the received signal corresponding to the respective 

In FIG. 8, 10 denotes a transmitter amplifier for ampli- variations, 

fying an input signal to be transmitted and then outputting In addition, since only one switching FET is required, the 

the amplified signal. 20 denotes a low-noise receiver ampli- 15 area occupied by the mode- switch 30 and the first matching 

fier for amplifying an input received signal and then out- circuit 40 on the transmitter-receiver circuit can be 

putting the amplified signal. 30 denotes a mode switch for narrowed, high integration is realized more easily, 

switching transmission state and reception state in a time- Ultimately, this fact can contribute more to downsizing and 

division manner. 40 denotes a first matching circuit for cost reduction of a wireless communication unit incorporat- 

matching the impedance of the input received signal with the 20 ing the semiconductor integrated circuit device according to 

input impedance of the low-noise receiver amplifier 20. 50 this embodiment, 

denotes a second matching circuit for matching the output Fifth Embodiment 

impedance of the transmitter amplifier 10 with predeter- Hereinafter, the fifth embodiment of the present invention 

mined impedance. 60 denotes a third matching circuit for will be described with reference to the drawings, 

matching the impedance of the input signal to be transmitted 25 FIG. 9 is a circuit diagram of a transmitter- receiver circuit 

with the input impedance of a high-power FET 12 of the for a wireless communication unit according to the fifth 

transmitter amplifier 10. 70 denotes an interconnection, embodiment of the present invention, 

having characteristic impedance of 50Q, for connecting an The fifth embodiment is characterized by the configura- 

input/output terminal 72 on the antenna side to the antenna tion in which the transmission/reception mode switch is not 

80 used for both transmission and reception. 71 denotes 30 connected between the antenna and the low-noise receiver 

coupling capacitance for ac coupling the mode switch 30 to amplifier as is done in the foregoing embodiments, but is 

the first matching circuit 40. It is noted that the s same connected between the antenna and the transmitter amplifier, 

components as those of the respective circuits shown in FIG. In FIG. 9, 10 denotes a transmitter amplifier for amplifying 

3 are identified by the same reference numerals and the an input signal to be transmitted and then outputting the 

description thereof will be omitted herein. 35 amplified signal. 20 denotes a low-noise receiver amplifier 

The respective circuits described above, i.e., the trans- for amplifying an input received signal and then outputting 

mitter amplifier 10 including the second matching circuit 50 the amplified signal. 30 denotes a mode switch for switching 

and the third matching circuit 60, the low-noise receiver transmission state and reception state in a time-division 

amplifier 20, the mode switch 30 and the first matching manner. 40 denotes a first matching circuit for. matching the 

circuit 40, are formed on a semiconductor substrate 1. 40 impedance of the input received signal with the input 

The fourth embodiment is characterized in that the input impedance of the low-noise receiver amplifier 20, 50 

terminal 31 of the mode switch 30 is not connected to the denotes a second matching circuit for matching the output 

terminal 15B functioning as output terminal for transmission impedance of the transmitter amplifier 10 with predeter- 

and input terminal for reception of the transmitter amplifier mined impedance. 60 denotes a third matching circuit for 

10, but to the output terminal 16 of the received signal in the 45 matching the impedance of the input signal to be transmitted 

second matching circuit 50. with the input impedance of a high-power FET 12 of the 

The operations thereof during reception and transmission transmitter amplifier 10. 70 denotes an interconnection, 

are the same as those of the transmitter-receiver circuit as having characteristic impedance of 50Q, for connecting the 

described in the second embodiment. Thus, the description mode switch 30, the first matching circuit 40 and an antenna 

thereof will be omitted herein. 50 80 used for both transmission and reception to each other. 71 

In accordance with the fourth embodiment, by turning ON denotes coupling capacitance for ac coupling the mode 

the high-power FET 12 upon the application of a control switch 30 to the first matching circuit 40. 

voltage to the control terminal 14 of the high-power FET 12 In the transmitter amplifier 10 shown in FIG. 9, 11 denotes 

in the transmitter amplifier 10 shown in FIG. 8 and by using an input terminal, through which a signal to be transmitted 

the high-power FET 12 as pure resistance 12 A, the circuit 55 is input. 12 denotes a high-power FET, of which the gate 

section on the transmission side can be short-circuited and electrode is provided with the input signal to be transmitted 

isolated during reception, via the third matching circuit 60 and the source is grounded. 

Thus, the resulting number of devices can be reduced by 13 denotes a power supply terminal connected to the drain 

using the inductor required for the first matching circuit 40 electrode of the high-power FET 112. 15A denotes an output 

simultaneously as the inductor 52 in the second matching 60 terminal connected to the input terminal 31 of the mode 

circuit 50 as shown in FIG. 8. As a result, the size of the first switch 30. 

matching circuit 40 can be reduced. In the low-noise receiver amplifier 20 shown in FIG. 9, 21 

That is to say, during reception, there is no problem if only denotes an input terminal, through which a received signal 

impedance matching is realized between the antenna 80 and is input via the coupling capacitance 71 and the first match- 

the low-noise receiver amplifier 20 by using the devices of 65 ing circuit 40. 22 denotes a low-noise FET, of which the gate 

the first matching circuit 40 and the second matching circuit. electrode is provided with the received signal and the source 

Thus, by comparison to the third embodiment, the design is grounded. 23 denotes an output terminal connected to the 
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drain electrode of the low-noise FET 22. 24 denotes a 
control terminal connected to the gate electrode of the 
low-noise FET 22. 

In the mode switch 30 shown in FIG. 9, 31 denotes an 
input terminal connected to the output terminal 15 of the 
transmitter amplifier 10. 32 denotes a switch -control-signal 
input terminal for controlling a switching FET. 33 denotes 
an output terminal, through which the amplified signal to be 
transmitted is output to the antenna 80. 34 denotes a switch- 
ing FET constituting the mode switch 30. 

In the first matching circuit 40 shown in FIG. 9, 41 
denotes an input terminal connected to the antenna 80 and to 
the output terminal 33 of the mode switch 30 via the 
coupling capacitance 71 and an interconnection having 
characteristic impedance of 50Q. 42 denotes an output 
terminal connected to the input terminal 21 of the low-noise 
receiver amplifier 20. 43 denotes a first inductor, one end of 
which is connected to the input terminal 41 of the first 
matching circuit 40 and the other end of which is grounded, 
for constituting the first matching circuit 40. 44 denotes a 
second inductor, one end of which is connected to the input 
terminal 41 of the first matching circuit 40 and the other end 
of which is connected to the output terminal 42, for consti- 
tuting the first matching circuit 40. 

In the second matching circuit 50 shown in FIG. 1, 51 


Next, the operation thereof during transmission will be 
described. 

First, a signal to be transmitted, which has been modu- 
lated and amplified to reach a predetermined signal level, is 
5 input to the input terminal 11 of the transmitter amplifier 10. 
Then, after the impedance of the input signal to be 
transmitted is matched by the third matching circuit 60 with 
the input impedance of the high-power FET 12, the input 
signal to be transmitted is amplified by the high-power FET 
10 12 to gain desired power. 

At this point in time, by turning ON the low-noise FET 22 
upon the application of a positive voltage, which is equal to 
larger than Schottky voltage, to the control terminal 24 of the 
low-noise FET 22 in the low-noise receiver amplifier 20 
is shown in FIG. 9, the low-noise FET 22 can be equivalent to 
pure resistance 22A as shown in FIG. 10. Thus, the circuit 
section on the reception side can be short-circuited during 
transmission. Accordingly, the output impedance of the 
transmitter amplifier 10 can be matched with predetermined 
20 impedance by the first inductor 43 and the second inductor 
44 constituting the first matching circuit 40 and the inductor 
52 constituting the second matching circuit 50. 

Next, the signal to be transmitted, subjected to the imped- 
ance matching, passes through the interconnection 70 hav- 


denotes a first capacitor, one end of which is connected to 25 ing characteristic impedance of 50Q and is input to the 


the drain electrode of the high -power FET and the other end 
of which is grounded, for constituting the second matching 
circuit 50. 52 denotes an inductor, one end of which is 
connected to the drain electrode of the high-power FET and 
the other end of which is connected to a second capacitor 53, 
for constituting the second matching circuit 50. 53 denotes 
a second capacitor, one end of which is connected to the 
inductor 52 and the other end of which is connected to the 
output terminal 15 A of the transmitter amplifier 10, for 
constituting the second matching circuit 50. 

All of the FETs constituting the transmitter amplifier 10, 
the low- noise receiver amplifier 20 and the mode switch 30 
of this transmitter- receiver circuit are assumed to be GaAs 
FETs or silicon MOSFETs. 

Hereinafter, the operation of the transmitter-receiver cir- 
cuit having the above -described configuration will be 
described with reference to FIGS. 9 and 10. 

FIG. 10 is an equivalent circuit diagram where the 
transmitter- receiver circuit for a wireless communication 


antenna 80 so as to be output through the antenna 80 as radio 
waves. 

It is noted that the impedance matching should be per- 
formed between the first matching circuit and the second 
30 matching circuit so that the amplified signal to be transmit- 
ted does not flow toward the low-noise receiver amplifier 20. 

As can be understood from the above description, in the 
fifth embodiment, the outputs of the transmitter amplifier 10 
are matched by using, in combination, the impedance of the 
35 low-noise receiver amplifier 20 during the OFF state and the 
impedance of the second matching circuit 50 in the trans- 
mitter amplifier 10 whereby the low-noise receiver amplifier 
20 can be connected to the antenna 80 without interposing 
any switch. As a result, since a switch for reception can be 
40 omitted, it is possible to eliminate the pass loss, which is 
ordinarily caused by a switch on the input signal of the 
low-noise receiver amplifier 20. 

Furthermore, since the less intense received signal is not 


attenuated, the S/N ratio during amplification can be 

unit according to the fifth embodiment of the present inven- 45 increased. Moreover, since only one switching FET is 

tion performs transmitting operation. In FIG. 10, the same enough, a switch can be downsized and highly integrated, 

components as those of the transmitter-receiver circuit 11Tn , . ATmr T „ A „ TTTrra , 

shown in FIG. 9 are identified by the same reference INDUSTRIAL APPLICABILITY 

numerals and the description thereof will be omitted herein. As is apparent from the foregoing description, in the 

First, the operation thereof during reception will be 50 transmitter-receiver circuit for a wireless communication 

described. unit according to the present invention, the output terminal 

A less intense received signal, which has been input of the transmitter amplifier is directly connected to the 

through the antenna 80, passes through the interconnection antenna without passing through the mode switch during 

70 having characteristic impedance of 50Q and is input to transmission. Thus, the pass loss, ordinarily caused by a 

the first matching circuit 40 shown in FIG. 9 via the coupling 55 switch on a signal to be transmitted, can be eliminated. As 

capacitance 71. a result, the power consumption can be reduced. On the 

Subsequently, the impedance of the input received signal other hand, during reception, the circuit section on the 

is matched with the input impedance of the low-noise transmission side is short-circuited by using the FET for 

receiver amplifier 20 by the first matching circuit 40. transmission amplification as resistance. As a result, a mode 

Thereafter, the signal is input to the input terminal 21 of the 60 switch on the transmission side is no longer necessary. In 


low-noise receiver amplifier 20, The input received signal is 
amplified by the low-noise FET 22 and then output through 
the output terminal 23 of the low-noise receiver amplifier 20. 
Since the switching FET 34 has been turned OFF in the 
mode switch 30, the circuit section on the transmission side 
is isolated from the antenna 80 and the low-noise receiver 
amplifier 20. 
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other words, a mode switch on the reception side may be 
constituted by only one switching device, and thus the area 
occupied by the mode switch in the entire circuit can be 
reduced. Consequently, the overall size of the transmitter- 
receiver circuit can be reduced. 

On the other hand, since the semiconductor integrated 
circuit device according to the present invention Ls consti- 
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tuted by the transmitter-receiver circuit for a wireless com- 
munication unit according to the present invention, the 
power consumption during transmission can be reduced and 
the overall size of the transmitter-receiver circuit can be 
reduced. Thus, the present invention is advantageous for 5 
even higher integration. As a result, the costs of a semicon- 
ductor integrated circuit device can be reduced. 
What is claimed is: 

1. A transmitter- receiver circuit for a wireless communi- 
cation unit, comprising: io 

a transmitter amplifier for amplifying and outputting an 
input signal to be transmitted; 

a receiver amplifier for amplifying and outputting an input 
received signal; and 

a mode switch, connected to an antenna used for both 15 
transmission and reception, for switching a transmis- 
sion state where the signal to be transmitted, which has 
been output by the transmitter amplifier, is output to the 
antenna and a reception state where the received signal, 
to be input to the receiver amplifier, is input through the 20 
antenna, 

characterized in that the transmitter amplifier includes: 
an amplifying FET, having a gate electrode connected to 
an input terminal of the signal to be transmitted, a drain 
electrode connected to a power supply terminal and a 25 
source electrode grounded; 
a matching circuit, connected between the drain electrode 
of the FET and the antenna, for matching output 
impedance of the FET with impedance on an antenna 
side; 30 

a control terminal connected to the gate electrode of the 
FET; and 

an output terminal directly connected to the antenna 
without passing through the mode switch. 

2. A transmitter-receiver circuit for a wireless communi- 35 
cation unit, comprising: 

a transmitter amplifier for amplifying and outputting an 
input signal to be transmitted; 

a receiver amplifier for amplifying and outputting an input 40 
received signal; and 

a mode switch, connected to an antenna used for both 
transmission and reception, for switching a transmis- 
sion state where the signal to be transmitted, which has 
been output by the transmitter amplifier, is output to the 45 
antenna and a reception state where the received signal, 
to be input to the receiver amplifier, is input through the 
antenna, 

characterized in that the transmitter amplifier includes: 
an amplifying FET, having a gate electrode connected to 50 
an input terminal of the signal to be transmitted, a drain 
electrode connected to a power supply terminal and a 
source electrode grounded; 
a matching circuit, connected between the drain electrode 
of the FET and the antenna, for matching output 55 
impedance of the FET with impedance on an antenna 
side; 

a control terminal connected to the gate electrode of the 
FET; and 

an output terminal directly connected to the antenna 60 
without passing through the mode switch, 

and that an input terminal on the antenna side of the mode 
switch is connected to a terminal of the matching 
circuit, which is different from an output terminal of the 
signal to be traasmitted of the matching circuit. 

3. A semiconductor integrated circuit device, comprising: 
a semiconductor substrate; 


a transmitter amplifier, formed on the semiconductor 
substrate, for amplifying and outputting an input signal 
to be transmitted; 

a receiver amplifier, formed on the semiconductor 
substrate, for amplifying and outputting an input 
received signal; and 

a mode switch, formed on the semiconductor substrate 
and connected to an input/output terminal on an 
antenna side used for both transmission and reception, 
for switching a transmission state where the signal to be 
transmitted, which has been output by the transmitter 
amplifier, is output to the input/output terminal on the 
antenna side and a reception slate where the received 
signal, to be input to the' receiver amplifier, is input 
through the input/output terminal on the antenna side, 

characterized in that the transmitter amplifier includes: 

an amplifying FET, having a gate electrode connected to 
an input terminal of the signal to be transmitted, a drain 
electrode connected to a power supply terminal and a 
source electrode grounded; 

a matching circuit, connected between the drain electrode 
of the FET and the input/output terminal on the antenna 
side, for matching output impedance of the FET with 
impedance on the antenna side; 

a control terminal connected to the gate electrode of the 
FET; and 

an output terminal directly connected to the input/output 
terminal on the antenna side without passing through 
the mode switch. 

4. A semiconductor integrated circuit device, comprising: 

a semiconductor substrate; 

a transmitter amplifier, formed on the semiconductor 
substrate, for amplifying and outputting an input signal 
to be transmitted; 

a receiver amplifier, formed on the semiconductor 
substrate, for amplifying and outputting an input 
received signal; and 

a mode switch, formed on the semiconductor substrate 
and connected to an input/output terminal on an 
antenna side used for both transmission and reception, 
for switching a transmission state where the signal to be 
transmitted, which has been output by the transmitter 
amplifier, is output to the input/output terminal on the 
antenna side and a reception state where the received 
signal, to be input to the receiver amplifier, is input 
through the input/output terminal on the antenna side, 

characterized in that the transmitter amplifier includes: 

an amplifying FET, having a gate electrode connected to 
an input terminal of the signal to be transmitted, a drain 
electrode connected to a power supply terminal and a 
source electrode grounded; 

a matching circuit, connected between the drain electrode 
of the FET and the input/output terminal on the antenna 
side, for matching output impedance of the FET with 
impedance on the antenna side; 

a control terminal connected to the gate electrode of the 
FET; and 

an output terminal directly connected to the input/output 
terminal on the antenna side without passing through 
the mode switch, 

and that an input terminal on the antenna side of the mode 
switch is connected to a terminal of the matching 
circuit, which is different from an output terminal of the 
signal to be transmitted of the matching circuit. 


03/11/2004, EAST Version: 1.4.1 


III1IIIII3UI1IIIII1IIII1UIIII 

US005784687A 

United States Patent [19] [li] Patent Number: 5,784,687 

Itoh et al. [45] Date of Patent: Jul. 21, 1998 


[54] TRANSMTTTING-RECEIVING CIRCUIT FOR 
RADIOCOMMUNICATION APPARATUS, 
SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE INCLUDING THE CIRCUIT, AND 
RADIOCOMMUNICATION APPARATUS 
INCLUDING THE SAME 

[75] Inventors: Junji Itoh; Kazuhisa Fujimoto. both 
of Osaka, Japan 

[73] Assignee: Matsushita Electric Industrial Co., 
Ltd., Osaka, Japan 

pi]^Appl. No.: 520,676 

[22] Filed: Aug. 29, 1995 

[30] Foreign Application Priority Data 

Aug. 30, 1994 [JF] Japan 6-20573 

Mar. 9, 1995 [JP] Japan 7-049474 

[51] Int CL 6 ........ H04B 1/48 

[52] U.S. Q 455/78; 455/82; 455/83; 

333/103; 333/126 

[58] Field of Search 455/78. 80. 82. 

455/83. 84. 89. 90. 129; 333/101. 103. 

104, 118. 124. 126. 132 

[56] References Cited 

U.S. PATENT DOCUMENTS 


4,055,807 10/1977 Priniski et al 455/83 

4,764,726 8/1988 Misic et al ..... 455/83 

4,973,940 U/1990 Sakai et al. ....... „ 333/101 

5,054,114 10/1991 Erickson 455/78 

5375,256 12/1994 Yokoyama et al „ 455/83 


FOREIGN PATENT DOCUMENTS 

0 578 160 1/1994 European Pat Off. . 
WO 92/22937 12/1992 WIPO 

OTHER PUBLICATIONS 

Muraguchi et al.. "1.9 Ghz-Band Low Voltage and Low 
Power Consumption RF IC Chip-Set for Personal Commu- 
nications". Proceedings of IEEE Vehicular Technology Con- 
ference. Jun. 8-10, 1994. 

Primary Examiner— Reinhard J. Eisenzopf 

Assistant Examiner— Thanh Le 

Attorney, Agent, or Firm—M cDermott . Will & Emery 

[57] ABSTRACT 

A changeover switch switches connection between an 
antenna and a transmitter amplifier and connection between 
the antenna and a receiver low noise amplifier, from one to 
the other. A first wire having characteristic impedance of 50 
CI connects the antenna and the changeover switch. A 
receiver matching circuit matches input impedance of the 
receiver low noise amplifier with the output impedance of 
the transmitter amplifier. An antenna side matching circuit 
matches the input impedance of the receiver low noise 
amplifier, which is matched with the output impedance of 
the transmitter amplifier by the receiver matching circuit, 
and the output impedance of the transmitter amplifier with 
the characteristic impedance of the first wire. The transmitter 
amplifier is connected with the changeover switch via a first 
coupling capacitance, and the receiver matching circuit is 
connected with the changeover switch via a second coupling 
capacitance. 

8 Claims, 8 Drawing Sheets 
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TRANSMTTTING-RECEIVING CIRCUIT FOR the transmitter matching circuit 7 OB. and a second coupling 

RADIOCOMMUNICATION APPARATUS, capacitance 82B couples an alternating current of the output 

SEMICONDUCTOR INTEGRATED CIRCUIT from the receiver matching circuit 60B with an alternating 

DEVICE INCLUDING THE CIRCUIT, AND cucrcn, of mc ^P" 1 10 me receiver low noise amplifier 20. 

RADIOCOMMUNICATION APPARATUS 5 The transmitter amplifier 10 of FIG. 8 comprises an FET 

INCLUDING THE SAME 12 at ^ sta 8 c * anomcr I 4 at the last stage, power 

supply terminals 15B. a matching circuit 13. which includes 

BACKGROUND OF THE INVENTION capacitances 16 and 18 and an inductor 17, for matching the 

_ ... front FET 12 with the rear FET 14. An inductor 1S>A is 

The present invention relates to a transmitting/receiving interpoS e d between the gate terminal of the FET 14 and a 

circuit suitably used in a radiocommunicauon apparatus 10 bias volmge Vgl. and inductors 19B arc interposed between 

utilizing the same frequency for transmitting and receiving me power supply terminals 15B of the FETs 12 and 14 and 

a signal, a semiconductor integrated circuit device including a sup piy voltage Vddl. An inductor 24A is interposed 

the transmitting/receiving circuit and a radiocommunication between the gate terminal of a low noise FET 22 in the 

apparatus including the same. receiver low noise amplifier 20 and a bias voltage Vg2, and 

Recently, radiocommunication apparatuses such as por- 15 an inductor 24B is interposed between a reception wave 

table telephones have been developed to be compact light output terminal 23B of the receiver low noise amplifier 20 

and inexpensive, and the number of users of such equipment and a supply voltage Vdd2. The receiver matching circuit 

is rapidly increasing. In the conventional communication <>0B includes inductors 61 and 62. and the transmitter 

mode, the transmitting frequency is different from the roatching circuit 70B includes capacitances 71 and 73 and an 

receiving frequency. Furthermore, attempts have been made 20 inductor 72. 

to digitalize such radiocommunication apparatuses in order This transmittingfreceiving circuit is operated as follows: 

to attain a much larger number of users. In digital radio- The receiving operation thereof will be first described, 

communication apparatuses, transmission and reception can At the time of receiving a signal, a bias voltage Vg2 is 

be conducted at the same frequency by transmitting and applied to the low noise FET 22 in the receiver low noise 

receiving a signal in a time sharing manner, while two 25 amplifier 20 and a supply voltage Vdd2 is applied to the 

different frequencies are required for each line of the appa- reception wave output terminal 23B, thereby supplying the 

ratuses of the conventional communication mode. receiver low noise amplifier 20 with a necessary supply 

A transmitter amplifier, a receiver low noise amplifier and voltage. This amplifies a weak received signal input through 

a changeover switch for switching between transmission and ^ the antenna 30. Since there is no need to operate the 

reception of a transmitting/receiving circuit in a digital transmitter amplifier 10 in this case, no voltage is applied 

radiocommunication apparatus occasionally include gallium thereto for saving the power of a battery, 

arsenide field effect transistors (hereinafter referred to as The received signal having been input through the 

GaAs FETs) having various properties such as a low voltage antenna 50 is transferred through the first wire 51 having 

operation, high efficiency, a low noise property and a high 3J characteristic impedance of 50 O and supplied to an antenna 

isolation property. side input/output terrninal 41B of the changeover switch 40. 

Furthermore, with the spread of portable wireless At this point in the changeover switch 40. a first FET 43 

apparatuses, there is increasing demand for compact and serving as a transmitter shunt FET and a third FET 45 

ught equipment As a result, a large number of attempts have serving as a receiver through FET are supplied with a 

been made to produce a transmitting/receiving circuit ^ voltage of, for example, 0 V so as to turn on the FETs 43 and 

including a transmitter power amplifier, a changeover 45, and a second FET 44 serving as a transmitter through 

switch, a receiver low noise amplifier, a matching circuit and FET and a fourth FET 46 serving as a receiver shunt FET are 

the like as a semiconductor integrated circuit supplied with a voltage of, for example. -5 V so as to turn 

Now. an example of conventional transmitting/receiving off the FETs 44 and 46 by a control voltage input through 

circuits will be described referring to an accompanying 45 switch control signal input terminals 42B. Therefore, the 

drawing. received signal having been input through the antenna side 

FIG. 8 is a diagram of the configuration of a transmitting/ input/output terminal 41B passes through the third FET 45 

receiving circuit in a conventional digital radiocommunica- in *° 0D state 10 * transferred to a receiver unit A 

tion apparatus using FETs. The transmitting/receiving car- transmitter unit is electrically separated from the antenna 

cuit of FIG. 8 comprises a transmitter amplifier 10, a 50 because me second FET 44 is off. and is shm-circuited by 

receiver low noise amplifier 20 and an antenna 30 for the first FET 43 in an on state. 

transmitting and receiving a signal. A changeover switch 40 The received signal having passed through the third FET 

switches the connection between the transmitter amplifier 10 45 in an on state is transferred from a receiver side terminal 

and the antenna 30 and the connection between the receiver 47 of the changeover switch 40 through the third wire 53 

low noise amplifier 20 and the antenna 30, from one to the 55 having characteristic impedance of 50 CI and the second 

other. A first wire 51 havmg characterisuc irnpedance of 50 coupling capacitance 82B and is input to the receiver 

a connects the antenna 30 to the changeover switch 40. A matching circuit 60B. The received signal having been input 

second wire 52 having characteristic impedance of 50 Q to ^ receiver matching circuit 60B is subjected to imped- 

connects the transmitter amplifier 10 to the changeover *nce matching by the two inductors 61 and 62 to be input to 

switch 40. A third wire 53 having characteristic impedance 60 tnp* terminal 21 of the receiver low noise amplifier 20. 

of 50 Q connects the receiver low noise amplifier 20 to the The received signal having been input to the receiver low 

changeover switch 40. A receiver matching circuit 60B noise amplifier 20 is amplified by the low noise FET 22 and 

matches inputs to the receiver low noise amplifier 20, and a output through the reception wave output terminal 23B. 

transmitter matching circuit 70B matches outputs from the Next, the transmitting operation of the transmitting/ 

transmitter amplifier 10. A first coupling capacitance 81B 65 receiving circuit will be described, 

couples an alternating current of the output from the trans- At the time of transmitting a signal, a supply voltage Vddl 

mitter amplifier 10 with an alternating current of the input to is applied to the FET 12 at the first stage and the FET 14 at 
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the last stage of the transmitter amplifier 10. and a bias 30. Having a satisfactory isolation characteristic means few 

voltage Vgl is applied to the FET 14, thereby power signals are transferred from the transmitter amplifier 10 to 

amplifying a modulated signal input to the transmitter the receiver low noise amplifier 20. Actually, there always 

amplifier 10 up to a sufficiently high level to be supplied to exist some signals leaked from the transmitter amplifier 10 

the antenna 30. Since there is no need to operate the receiver 5 to the receiver low noise amplifier 20. 

low noise amplifier 20 in this case, no voltage „ ^ed SUMMARY OF THE INVENTION 
thereto for saving the power of the battery. 

The modulated transmission signal is input through a The present invention was devised to solve the aforemen- 
transmission wave input terminal 11B, subjected to first tioned P roWems *t a str° kc so as to make compact a 
power amplification by the front FET 12, input to the rear i 0 radiocoirniiunication apparatus and improve the isolation 
FET 14 via the matching circuit 13, and subjected to second characteristic between a transmitter unit and a receiver unit 
power amplification by the FET 14 up to a desired power A first transmitting/receiving circuit for a radiocommu- 
level. The amplified transmission signal is input to the nication apparatus of the invention comprises a transmitter 
transmitter matching circuit 70B via the first coupling amplifier for amplifying an input transmission signal and 
capacitance 8 IB. converted to have impedance of 50 Q by 15 outputting the amplified transmission signal; a receiver 
the transmitter matching circuit 70B and then input to a amplifier for amplifying an input received signal and out- 
transmitter side terminal 48 of the changeover switch 40 via putting the amplified received signal; a changeover switch 
the second wire 52 having characteristic impedance of 50 CL having an antenna side input/output terminal through which 
At this point, in the changeover switch 40. the second FET the transmission signal is output to an antenna via a wire 
44 and the fourth FET 46 are supplied with a voltage of. for 20 naviD 8 prescribed characteristic impedance and the received 
example. 0 V so as to be turned on and the first FET 43 and signal is input from the antenna via the wire, for switching 
the third FET 45 are supplied with a voltage of, for example. a connection state for outputting the transmission signal 
-5 V so as to be turned off by a control voltage input through received from the transmitter amplifier via no matching 
the switch control signal input terminals 42B. The transmis- circuit to the antenna side input/output terminal and a second 
sion signal having been input through the transmitter side 25 conncct i° n state f° r outputting the received signal received 
terminal 48 passes through the second FET 44 in an on state through the antenna side input/output terminal to the 
to be transferred toward the antenna 30. The transmission receiver amplifier; a receiver matching circuit interposed 
signal having been transferred toward the antenna 30 passes between the changeover switch and the receiver amplifier 
through the first wire 51 having characteristic impedance of f° r matching the input impedance of the receiver amplifier 
50 ft, input to the antenna 30, and then output through the 30 w *th the output impedance of the transmitter amplifier, and 
antenna 30 as an electric wave. an antenna side matching circuit interposed between the 

In the conventional transmitting/receiving circuit, the wire and the changeover switch for matching the character- 
transmitter amplifier 10 and die receiver low noise amplifier istic impedance of the wire with the output impedance of the 
20 are connected to the changeover switch 40 via the second transmitter amplifier. 

and third wires 52 and 53 each having characteristic imped- 35 In the first transmitting/receiving circuit, the transmission 

ance of 50 CI, respectively. Therefore, a transmission signal signal output from the transmitter amplifier is input to the 

output by the transmitter amplifier 10 and a received signal changeover switch via no matching circuit, while the 

input to the receiver low noise amplifier 20 should be received signal output from the changeover switch is input 

converted to have impedance of 50 CI Accordingly, when to the receiver amplifier via the receiver matching circuit 

the transmitter amplifier 10, the receiver low noise amplifier 40 Therefore, within the changeover switch, the output imped- 

20 and the changeover switch 40 arc desired to be integrated ance of the transmitter amplifier is matched with the input 

on one chip, the transmitter matching circuit 60B and the impedance of the receiver amplifier, and both the output 

receiver matching circuit 70B are also required to be impedance and the input impedance are small in the 

mounted on the same chip, resulting in largely increasing an changeover switch. As a result, the isolation characteristic of 

area occupied by passive devices to be integrated such as 45 the changeover switch can be improved and the area occu- 

inductors. As a result, the chip area is substantially P ic0 * bv the changeover switch can be minimized, 

increased, which dis advantageously makes it difficult to Furthermore, since the characteristic impedance of the 

decrease the size and the cost of a radiocommu nication wire is matched with the output impedance of the transmitter 

apparatus. Thus, it is desired to provide a transmitting/ amplifier by the antenna side matching circuit, the receiver 

receiving circuit realizing a compact and inexpensive radio- 50 matching circuit has a function to merely match the input 

communication apparatus applicable to the new communi- impedance of the receiver amplifier with the output imped- 

cation mode and a semiconductor integrated circuit device ance of the transmitter amplifier. This results in minimizing 

mounting the transrnitrmg/receiving circuit the area occupied by the receiver matching circuit. Thus, the 

In addition, when a signal is switched by the changeover size of a chip including the transmitter amplifier, the receiver 

switch 40 at low impedance, the voltage can be decreased 55 amplifier and the changeover switch, and in its turn, the size 

and isolation between the transmitter unit and the receiver or * the racUocornmu nication apparatus including the chip can 

unit can be improved. However, in the conventional circuit, be minimized, and the production cost can be decreased, 

a signal is switched at impedance of 50 CI as described Since the antenna side matching circuit is interposed 

above, and hence, the isolation characteristic is poor. This between the wire and the changeover switch, when the 

causes another problem that an FET with a satisfactory 60 transmitter amplifier, the receiver amplifier and the 

isolation characteristic is required to be used. The isolation changeover switch are integrated on one chip, the antenna 

herein indicates a ratio between signals correctly transferred side matching circuit can be disposed outside of die chip, 

from the transmitter amplifier 10 to the antenna 30 and This results in a further more compact chip, a further more 

signals incorrectly transferred from the transmitter amplifier compact radiocommu nication apparatus, and a further lower 

10 to the receiver low noise amplifier 20 when the 65 production cost 

changeover switch 40 is in a state for outputting a transmis- It is preferable that the first transmitting/receiving circuit 

sion signal from the transmitter amplifier 10 to the antenna further comprises a first coupling capacitance interposed 
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between the transmitter amplifier and the changeover switch Furthermore, since the characteristic impedance of the 
and a second coupling capacitance interposed between the wire is matched with the input impedance of the receiver 
changeover switch and the receiver matching circuit amplifier by the antenna side matching circuit the transmit- 
By adopting this configuration, the coupling state between tCT matching circuit has a function merely to match the 
the transmitter amplifier and the changeover switch can be 5 output impedance of the transmitter amplifier with the input 
stabilized, and the coupling state between the changeover impedance of the receiver amplifier. Therefore, the area 
switch and the receiver matching circuit can be also stabi- occupied by the transmitter matching circuit can be mini- 
li2 CC L mized. Thus, a chip including the transmitter amplifier, the 
In the first transmitting/receiving circuit, the antenna side ^ eceiv f am P Meran , d * c changeover ^jtch andin iutum 
matching circuit can be directly connected to the antenna 10 the radiocommunicaUon apparatus including the ch* can be 
. - * * . . . T ' . 4 . „ made compact and the production cost can be reduced, 
side input/output terminal. In this case, the antenna side ^ ** 

matching circuit can be formed on the same chip mounting Since the antenna side matching circuit is interposed 

the transmitter amplifier, the receiver amplifier and the between the wire and the changeover switch, when the 

changeover switch. Therefore, a still more compact radio- transmitter amplifier, the receiver amplifier and the 

communication apparatus can be realized 15 changeover switch are integrated on one chip, the antenna 

In the first tiansmimng/receiving circuit the changeover side imteWng circuit can be formed outside of toe chip. This 

switch preferably has a transmitter through FET and a resuJts 10 * tothcr more cm P- * ^ more 

transmitter shunt FET connected in series to each other and co «f ^communication apparatus, and a further lower 

a receiver through FET and a receiver shunt FET connected production cost 

in series to each other, the transmitter amplifier preferably A third transmitting/receiving circuit for a racUocommu- 

has at least one amplifier FET for amplifying the input nication apparatus of the invention comprises a transmitter 

transmission signal, and the amplifier FET at the last stage amplifier for amplifying an input transmission signal and 

of the transmitter amplifier preferably works also as the outputting the amplified transmission signal; a receiver 

transmitter shunt FET of the changeover switch. amplifier for arnplifying an input received signal and out- 

Byadoptmgthisconfigiir^ am P Ufie ? 3 t received signal; a changeover switch 

a separate transmitter shut FET in the changeover switch. havin 8 an aDt£Dna side input/output terminal through which 

thereby simplifying the configuration of the transmitting/ toc transmission signal is output to an antenna via a wire 

receiving circuit for a radiocommunication apparatus. having prescribed characteristic impedance and the received 

Therefore, since the number of required elements can be ^ "gnal is input from the antenna via the wire, for switching 

reduced, the radiocommunication apparatus can be made a connection state f or outputting^ me transmission signal 

more compact and can attain higher reliability. received fr°m the transmitter amplifier to the antenna side 

. , . . u , input/output terminal and a second connection state for 

A second tran^mng/rcce.v.ng «rcua for a radiocom- J^^^ received ^ reccived ^fr ^ antenna 

mumcauoD apparatus of the invetmonwrapises a trananit- * ^ fte ^ from one 

ter amplifier for ampbfyiDg an input ttansmiss.on signal and 35 *e other? a ttansmittcI . Zuit interposed 

outputting the amplified transmission sjgnal; a receiver £ ™ ^ ^ £ J?£ itch 

amplifier for amplifying an input received signal and out- , " uoiwiiuuti ^"F^ 1 " " ,flU 6 w " w 

pXg the amSrecdved signal; a changeover switch for matching the output impedance of the transmitter amph- 

Linfan anZia side mput/outout terminal torough which ficr ^ m °P timal charactensUc umpedance of the xhangcover 

uttvuig on ttuicmm M^ mpuL/uuipit wiiumoi uuuu^ji wmuj switch; a receiver matching circuit interposed between toe 

the transmission sicnal is output to an antenna via a wire 40. , . \7i 

!~ , ^ " .J. 17 ~, 7 . 40 changeover switch and the receiver amplifier for matching 

having prescribed characteristic impedance and the received a * 1. — 1 -a. *u* 

\ 1 • • * /?T^ . , . . the input impedance of the receiver amplifier with the 

signal is input from the antenna via the wire, for switching . , . J77 . . . m , „„„ „ . 

^1 * * c **• *u *. • • , optimal characteristic impedance of the changeover switch 

a first connection state for outputting the transmission sicnal r . . , T. ... . . 

1 a Zj ! ZT ^ , "T* / B " and an antenna side matching circuit interposed between the 

received from the transmitter amplifier to the antenna side " . . . ?. . , „ *T . 

_ t . . . , r , _ ^ , wire and the changeover switch for matching the character- 
input/output terminal and a second connection state for 45 . . . . ® . ... * . _ 

\_ ~- *l . , . . . • ... t istic impedance of the wire with the optimal characteristic 

outputting the received signal received through the antenna T*^ f ^ . . 

^ j 1 T* *u • — « i «— • impedance of the changeover switch- 
side input/output terminal to the receiver amplifier via no 1 & 

matching circuit, from one to the other; a transmitter match- 10 & c third ttansmitting/receiving circuit the transmis- 

ing circuit interposed between the transmitter amplifier and sion signal output from the transmitter amplifier is input to 

toe changeover switch for matching toe output impedance of 50 ^ changeover switch via the transmitter matching circuit 

the transmitter amplifier with the input impedance of the whilc received signal output from the changeover switch 

receiver amplifier; and an antenna side matching circuit is input to the receiver amplifier via the receiver matching 

interposed between the wire and the changeover switch for circuit Therefore, within the changeover switch, the output 

matching the characteristic impedance of the wire with the impedance of the transmitter amplifier is matched with the 

input impedance of the receiver amplifier. 55 ^1*" impedance of the receiver amplifier, and both the 

In the second transnutting/receiving circuit, the transmis- in^ce and toe input impedance are small in toe 

sion signal output from the trammit^ amplifier is input to changeover switch. Tbs results in improving the isolation 

the changeover switch via the transmitter matching drcuit characteristic of toe changeover switch, 

while toe received signal output by the changeover switch is Since the characteristic impedance of the changeover 

input to the receiver amplifier via no matching circuit 60 switch can be optimized, the area occupied by the 

Therefore, within the changeover switch, the output imped- changeover switch and toe insertion loss of a through FET 

ance of toe transmitter amplifier is matched with the input therein can be minimized. 

impedance of the receiver amplifier, and both the output The transmitter matching circuit has a function to merely 

impedance and the input impedance are small in the match the output impedance of the transmitter amplifier with 

changeover switch. As a result, the isolation characteristic of 65 the optimal characteristic impedance of the changeover 

the changeover switch can be improved and toe area occu- switch, and the receiver matching circuit has a function 

pied by the changeover switch can be rninimized. merely to match the input impedance of toe receiver ampli- 
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ficr with the optimal characteristic impedance of the conductor substrate and interposed between the receiver 

changeover switch. Accordingly, the areas occupied by the amplifier and the changeover switch for matching the input 

transmitter matching circuit and the receiver matching cir- impedance of the receiver amplifier with the output imped- 

cuit can be both minimized. Thus, a chip including the ancc of the transmitter amplifier. 


transmitter amplifier the receiver amplifier and the 5 m the first semiconductor integrated circuit device, the 

changeover switch, and in its turn the radiocommunication m ^ thc receivcr " Ma , me changeover 

apparatus including the chap can be made compact and the ™ ^ "J ^ ^ ^tchm^ ckcuit of thf first 

production cost can be reduced. swhu. auu iu C "^ lw 7& " . 

0 . . . . . . . j transraitting/receiving circuit are formed on one semicon- 

Since toe antenna side iMtdung circuit u interposed f Accordingly, toe transmitter amplifier, the 
between the win and toe changeover switch when toe 10 w ^ cta *J KWer swUch ^ receiver 
fransmrtter amplifier toe receiver amplifier and the "J transmitting/receiving circuit can be 
changeover switch are integrated on one cbJp. the antenna * 8 
side matching circuit can be formed outside of the chip. This ' ^ F 
results in a further more compact chip, a further more b * e ^ semiconductor integrated circuit device, the 
compact radiocommunication apparatus, and a further lower ., antenna side matching circuit can be formed on the semi- 
production cost conductor substrate. In this case, the transmitter amplifier. 

Afourth transmitting/receiving circuit for a radiocommu- "* eiver <™P™*^ changeover switch, the receiver 

ideation apparatus of the invention comprises a transmitter oro* and the antenna side matching circuit can 

amplifier having at least one amplifier FET for ampUfying an be integrated on one chip. 

input transmission signal; a receiver amplifier for amplifying 20 *° tne semiconductor integrated circuit device , the 

an input received signal and outputting the amplified changeover switch preferably has a transmitter through FET 

received signal; a changeover switch including an antenna and a transmitter shunt FET connected in series to each other 

side input/output terminal through which the transmission and a receiver through FET and a receiver shunt FET 

signal is output to an antenna and the received signal is input connected in series to each other, the transmitter amplifier 

from the antenna, a transmitter through FET and a trans- 25 preferably has at least one amplifier FET for amplifying the 

mitter shunt FET connected in series to each other, and a ^P"* transmission signal, and the amplifier FET at the last 

receiver through FET and a receiver shunt FET connected in sto 8 c of the transmitter amplifier preferably works also as 

series to each other, for switching a first connection state for * c transmitter shunt FET of the changeover switch- When 

outputting the transmission signal received from the trans- configuration is adopted, there is no need to separately 

mitter amplifier to the antenna side input/output terminal and 30 provide a transmitter shunt FET of the changeover switch, 

a second connection state for outputting the received signal A second semiconductor integrated circuit device of the 

received through the antenna side input/output terminal to invention comprises a semiconductor substrate; a transmitter 

the receiver amplifier, from one to the other. The amplifier amplifier formed on the semiconductor substrate and having 

FET at the last stage of the transmitter amplifier also works at least one amplifier FET for amplifying an input transmis- 

as the transmitter shunt FET of the changeover switch. 35 sion signal; a changeover switch formed on the semicon- 

In the fourth transrnitting/receiving circuit, since the ductor substrate and having an antenna side input/output 

amplifier FET at the last stage of the transmitter amplifier terminal through which the transmission signal is output to 

also works as the transmitter shunt FET of the changeover an antenna and a recei ved s ignal is input from the antenna, 

switch, there is no need to separately provide a transmitter a transmitter through FET and a transmitter shunt FET 

shunt FET of the changeover switch. Therefore, the con- 40 connected in series t o each other, and a receiver through FET 

figuration of the tran smittin g/receiving circuit for a radio- and a receiver shunt FET connected in series to each other, 

communication apparatus can be simplified and the number far switching a first connection state for outputting the 

of required elements can be reduced, and hence, the radio- transmission signal received from the transmitter amplifier 

communication apparatus can become more compact and to the antenna side input/output terminal and a second 

more reliable. 45 connection state for outputting the received signal received 

A first semiconductor integrated circuit device of the through the antenna side input/output terminal to a receiver 

invention comprises a semiconductor substrate; a transmitter amplifier, from one to the other. The amplifier FET at the last 

amplifier formed on the semiconductor substrate for ampli- sta 8 c of ^ transmitter amplifier also works as the trans- 

fying an input transmission signal and outputting the ampli- mitter snunt ^ of ^ c changeover switch, 

fied transmission signal; a receiver amplifier formed on the 50 1° the second semiconductor integrated circuit device, 

semiconductor substrate for amplifying an input received there is no need to separately provide a transmitter shunt 

signal and outputting the amplified received signal; a FET of the changeover switch, and hence, the configuration 

changeover switch formed on the semiconductor substrate of the brans mittin g/receiving circuit for a radiocoramunica- 

and having an antenna side input/output terminal through tion apparatus can be simplified. Therefore, the number of 

which the transmission signal is output to an antenna via a 55 required elements can be reduced, and in addition, there is 

wire having prescribed characteristic impedance and an no need to adjust the transrnitting/receiving circuit, which 

antenna side matching circuit for matching the characteristic otherwise conventionally requires great efforts. As a result, 

impedance of the wire with the output impedance of the not only the radiocommunication apparatus can become 

transmitter amplifier and the received signal is input from more compact and more reliable, but also the transmitter 

the antenna via the wire and the antenna side matching 60 amplifier, the receiver amplifier, the changeover switch and 

circuit, for switching a first connection state for outputting the receiver matching circuit can be definitely integrated on 

the transmission signal received from the transmitter ampli- one chip with ease. 

fier via no matching circuit to the antenna side input/output A first radiocommunication apparatus of the invention 

terminal and a second connection state for outputting the comprises an antenna; a wire connected to the antenna and 

received signal received through the antenna side input/ 65 having prescribed characteristic impedance; a transmitter 

output terminal to the receiver amplifier, from one to the amplifier for amplifying an input transmission signal and 

other; and a receiver matching circuit formed on the semi- outputting the amplified transmission signal; a receiver 
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amplifier for amplifying an input received signal and out- wire and the changeover switch for matching the character- 

putting the amplified received signal; a changeover switch istic impedance of the wire with the optimal characteristic 

having an antenna side input/output terminal through which impedance of the changeover switch, 

the transmission signal is output to the antenna via the wire ^ of me ^ third raai<)commumcaaon appa- 

and the received signal is input from the antenna via the 5 rat uses can attain a reduced size and a lower production cost 

wire, for switching a first connection state for outputting the md ^ characteristic of the changeover switch can 

transmission signal received from the transmitter amplifier also ^ improved, 
via no matching circuit to the antenna side input/output 

terminal and a second connection state for outputting the BRIEF DESCRIPTION OF THE DRAWINGS 
received signal received through the antenna side input/ in „ . . . „ , . , 
output terminal to the receiver amplifier, from one to the FIG. la is a schematic diagram of the rough configuration 
other; a receiver matching circuit interposed between the of a conventional transrmttm^iving circuit for a radio- 
receiver amplifier and the changeover switch for matching communication apparatus, and FIG. lb is a schematic dia- 
the input irnpedance of the receiver amplifier with the output gram of ^ rough configuraUon of a transnutting^eceiving 
impedance of the transmitter amplifier; and an antenna side 15 ™ cult f " a radiocommumcauon apparatus according to a 
matching circuit interposed between the wire and the embodiment of the invention; 
changeover switch for matching the characteristic imped- FKj. 2 is a diagram showing a specific configuration of 
ance of the wire with the input irnpedance of the transmitter the transmitting/receiving circuit for a radiocommunication 
amplifier, apparatus according to the first embodiment; 

A second radiocommunication apparatus of the invention 20 FIG. 3 is a Smith chart of an impedance matching state 

comprises an antenna; a wire connected to the antenna and used for describing the operation of the transmitting/ 

having prescribed characteristic impedance, a transmitter receiving circuit fox a radiocommunication apparatus of the 

amplifier for amplifying an input transmission signal and first embodiment; 

outputting the amplified transmission signal; a receiver FIG. 4 is a schematic diagram of the rough configuration 

amplifier for amplifying an input received signal and out- 25 of a transmitting/receiving circuit for a radiocommunication 

putting the amplified received signal; a changeover switch apparatus according to a second embodiment of the inven- 

having an antenna side input/output terminal through which tion; 

the transmission signal is output to the antenna via the wire piQ t 5a and 56 are schematic diagrams of the rough 
and the received signal is input from the antenna via the configurations of ti^srmtting/receiving circuits for a radio- 
wire, for switching a first connection state for outputting the 30 communication apparatus according to third and fourth 
transmission signal received from the transmitter amplifier embodiments of the invention, respectively; 
to the antenna side input/output terminal and a second HG 6 mstntcs optimal characteristic impedance of a 
connection state for outputting the received signal received changeoV er switch used in the ttausmittmg/recdving circuit 
through the antenna side input/output terminal to the for a radiocommunication apparatus of the fourth embodi- 
receiver amplifier via no matching circuit, from one to the 35 men t ; 

other; a transmitter matching circuit interposed between the . ■ . m m - f 

_ _ ... * ^1 « K . . FIG. 7 is a diagram showing a specific configuraUon of a 

transmitter amplifier and the changeover switch for match- _ . . , T . . ® tr j ... 

• a * _ transmitting/receiving circuit for a radiocommunication 

inc the output impedance of the transmitter amplifier with _ v ~ ... * * ^ • 

the Input irnpeZTof the receiver ainpUfierTand an a PP aralus accorim S to a embodiment of the invention; 

antenna side matching circuit interposed between the wire 40 «... . ^ 

and the changeover switch for matching the characteristic FIG. 8 is a diagram showing a specific configuration of a 

impedance of the wire with the input impedance of the conventional transimttmg/receiving circuit for a radiocom- 

receiver amplifier. mumcation apparatus. 

A third radiocommu oicatio d apparatus of the invention DETAILED DESCRIPTION OF THE 

comprises an antenna; a wire connected to the antenna and 43 INVENTION 
having prescribed characteristic impedance; a transmitter 

amplifier for amplifying an input transmission signal and ^ present invention will now be described by way of 

outputting the amplified transmission signal; a receiver example referring to the accompanying drawings, 

amplifier for amplifying an input received signal and out- (Embodiment 1) 

putting the amplified received signal; a changeover switch SO 

having an antenna side input/output terminal through which FIG. la is a schematic diagram of the rough configuration 

the transmission signal is output to the antenna via the wire of a conventional transmitting/receiving circuit for a radio- 

and the received signal is input from the antenna via the communication apparatus and FIG. lb is a schematic dia- 

wire, for switching a first connection state for outputting the gram of the rough configuration of a transmitting/receiving 

transmission signal received from the transmitter amplifier 55 circuit for a radiocommunication apparatus of this embodi- 

to the antenna side input/output terminal and a second ment 

connection state for outputting the received signal received In the bansrmtting/receiving circuit of FIG. la. as is 
through the antenna side input/output terminal to the described above regarding the background art, wires each 
receiver amplifier; a transmitter matching circuit interposed having characteristic impedance of 50 CI are respectively 
between the transmitter amplifier and the changeover switch 60 provided between an antenna and a changeover switch, 
for matching the output impedance of the transmitter ampli- between a transmitter amplifier and the changeover switch, 
fier with optimal characteristic impedance of me changeover and between a receiver low noise amplifier and the 
switch; a receiver matching circuit interposed between the changeover switch. Therefore, matching circuits are inter- 
changeover switch and the receiver amplifier for matching posed between the transmitter amplifier and the wire with 
the input irnpedance of the receiver amplifier with the 65 characteristic irnpedance of 50 Q and between the receiver 
optimal characteristic impedance of the changeover switch; low noise amplifier and the wire with characteristic imped- 
and an antenna side matching circuit interposed between the ance of 50 ft. 
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In contrast, in the transmitting/receiving circuit of FIG. 
16, although an antenna and a changeover switch are con- 
nected to each other via a wire having characteristic imped- 
ance of 50 fl. a wire with characteristic impedance of 50 CI 
is interposed neither between a transmitter amplifier and the 
changeover switch nor between a receiver low noise ampli- 
fier and the changeover switch. Furthermore, although a 
receiver matching circuit is interposed between the receiver 
low noise amplifier and the changeover switch, there pro- 
vided no matching circuit between the transmitter amplifier 
and the changeover switch. In the circuit of FIG. lb. the 
impedance is matched between the transmitter amplifier and 
the wire with characteristic impedance of 50 fl by an 
antenna side matching circuit disposed between the wire 
with characteristic impedance of 50 CI and the changeover 
switch, and the receiver matching circuit matches the imped- 
ance of the transmitter amplifier with that of the receiver low 
noise amplifier. 

Now. a specific configuration of the transmitting/ 
receiving circuit for a radiocommunication apparatus of this 
embodiment will be described referring to FIG. 2. 

The transmitting/receiving circuit of FIG. 2 comprises a 
transmitter amplifier 10. a receiver low noise amplifier 20. 
an antenna 30 for transmitting and receiving a signal, and a 
changeover switch 40 for switching the connection between 
the transmitter amplifier 10 and the antenna 30 and the 
connection between the receiver low noise amplifier 20 and 
the antenna 30, from one to the other. A first wire 51 having 
characteristic impedance of 50 CI is interposed between the 
antenna 30 and the changeover switch 40. A receiver match- 
ing circuit 60A matches the input impedance of the receiver 
low noise amplifier 20 with the output impedance of the 
transmitter amplifier 10. An antenna side matching circuit 
70A matches the input impedance of the receiver low noise 
amplifier 20. which is matched with the output impedance of 
the transmitter amplifier 10 by the receiver matching circuit 
60A, with the characteristic impedance 50 CI of the first wire 
51. A first coupling capacitance 81A directly couples the 
output of the transmitter amplifier 10 and the input of the 
changeover switch 40. A second coupling capacitance 82A 
directly couples the receiver matching circuit BOA and the 
changeover switch 40. In the circuit of FIG. 2. a matching 
circuit 13 matches an FET 12 at the first stage with an FET 
14 at the last stage, which is not related to the spirit of the 
invention. 

The transmitter amplifier 10, the receiver low noise 
amplifier 20, the changeover switch 40 and the receiver 
matching circuit 60A are formed on one semiconductor 
substrate as an integrated circuit 1. 

The transmitter amplifier 10 of FIG. 2 has the FET 12 at 
the first stage, the FET 14 at the last stage, and the matching 
circuit 13 including capacitances 16 and 18 and an inductor 
17 for matching the FET 12 with the FET 14. The 
transmitting/receiving integrated circuit 1 is provided with 
supply terminals 15A. An inductor 19A is interposed 
between the gate terminal of the rear FET 14 and a bias 
voltage Vgl, and inductors 19B are interposed between the 
supply terminals ISA and a supply voltage Vddl. The 
transmitting/receiving integrated circuit 1 is further pro- 
vided with a reception wave output terminal 23 A. An 
inductor 24A is interposed between the gate terminal of a 
low noise FET 22 in the receiver low noise amplifier 20 and 
a bias voltage Vg2. and an inductor 24B is interposed 
between the reception wave output terminal 23A and a 
supply voltage Vdd2. The antenna side matching circuit 70A 
has capacitances 71 and 73 and an inductor 72 

The operation of this transmitting/receiving circuit for a 
radiocommunication apparatus will be described referring to 
FIGS. 2 and 3. 
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FIG. 3 is a Smith chart showing the output matching state 
of the transmitter amplifier 10 and the input matching state 
of the receiver low noise amplifier 20. The input impedance 
of the receiver low noise amplifier 20 using a GaAs FET is 
5 generally positioned around a point A in FIG. 3. and the 
output impedance of the transmitter amplifier 10 is generally 
positioned around a point B. (17— j 8.8) O. 

In the conventional transmitting/receiving circuit, the 
input impedance to the receiver low noise amplifier 20 is 
10 matched with the impedance of 50 Q. by the receiver 
matching circuit 60B and the output impedance of the 
transmitter amplifier 10 is matched with the impedance of 50 
CI by the transmitter matching circuit 70B, as described 
referring to FIG. 8. Specifically, the input impedance of the 
receiver low noise amplifier 20 at the point A is matched to 
be positioned at a point C by the receiver matching circuit 
60B, and the output impedance of the transmitter amplifier 
10 at the point B is matched to be positioned at the point C 
by the transmitter matching circuit 70B. This is because the 
input impedance of the receiver low noise amplifier 20 and 
the output impedance of the transmitter amplifier 10 should 
be matched with the impedance of the wires having char- 
acteristic impedance of 50 CI. 

In this embodiment, in contrast, the input impedance of 
the receiver low noise amplifier 20 is matched with the 
output impedance (at the point B) of the transmitter ampli- 
fier 10 by the receiver matching circuit 60 A. The resistance 
at the point B is (17— j 8.8) CI. which is significantly smaller 
than the characteristic impedance 50 CI of the first wire 51. 

The output impedance of the transmitter amplifier 10 and 
the input impedance of the receiver low noise amplifier 20 
both at the point B are matched with the characteristic 
impedance (50 CI) of the first wire 51 by the antenna side 
matching circuit 70A. In other words, an arrow from the 
point A to the point B indicates the matching by the receiver 
matching circuit 60A. and an arrow from the point B to the 
point C (50 CI) indicates the matching by the antenna side 
matching circuit 70A. The spirit of Embodiment 1 is in that 
both the input impedance of the receiver low noise amplifier 
20 matched to be positioned at the point B and the output 
impedance of the transmitter amplifier 10 at the point B are 
matched to be positioned at the point C by the antenna side 
matching circuit 70A. 

Now. the receiving operation of the transmitting/receiving 
circuit will be described 

A received signal input through the antenna 30 passes 
through the first wire 51 having characteristic impedance of 
50 Ct subjected to impedance conversion by the antenna 
side matching circuit 70A, and input to an antenna side 
input/output terminal 41A. At this point, in the changeover 
switch 40. a first FET 43 serving as a transmitter shunt FET 
and a third FET 45 serving as a receiver through FET are on 
and a second FET 44 serving as a transmitter through FET 
and a fourth FET 46 serving as a receiver shunt FET are 
turned off by control signals input through switch control 
signal input terminals 42A, as is described referring to the 
conventional circuit. Therefore, the received signal input 
through the antenna side input/output terminal 41A passes 
through the third FET 45 in an on state to be transferred to 
the receiver unit Further, the transmitter unit is electrically 
separated from the antenna because the second FET 44 is off, 
and is short-circuited by the first FET 43 in an on state. 

The received signal having passed through the third FET 
45 in an on state is input to the receiver matching circuit 60A 
through the second coupling capacitance 82A. The received 
signal having been input to the receiver matching circuit 
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60A is subjected to the impedance matching by two indue- (Embodiment 2) 

tors 61 and 62, amplified by the low noise FET 22 in the ■ . . _ . „ . . . . A . . , c . 

receiver low noise Amplifier 20, and then output through (he „ A semiconductor integrated arcuit device of Emrx>duTient 

reception wave output terminal 23A. 2 of me "> vent,on ™& now 1x5 described referring to the 

-me transmitting operation of this circuit will now be 5 ~?W3** ^onductor integrated cir- 
cle scribed cmt device °f tllis embodiment realizes the transmitting/ 

A modulated transmission wave is input to a transmission re <* iv *8 ckc f ** f radiocor^unication apparatus of 

wave input terminal 11A. The input transmission wave is Bntodimem 1. and is operated in the same manner as 

subjected to first power amplification by the FET 12 at the described in Embodiment 1. 

first stage, input through the matching circuit 13 to the FET 10 FIG. 3 is a diagram showing the layout of the semicon- 

14 at the last stage, and subjected to second power ampli- ductor integrated circuit device of Embodiment 2, wherein 

fication by the FET 14 up to a desired power level. The like reference numerals are used to refer to like elements 

amplified transmission signal is directly input to the second used in Embodiment 1 shown in FIG. 2 and the description 

FET 44 of the changeover switch 40 through the first thereof is omitted. The FET 12 at the first stage of the 

coupling capacitance 81A. At this point the changeover 15 transmitter amplifier 10 is constructed with a drain, a gate, 

switch 40 performs a reverse operation to that in receiving a source, a gate and a drain successively illustrated in this 

a signal. Specifically, by control signals input through the order from the left side of the drawing, 

switch control signal input terminals 42A, the second FET semiconductor integrated circuit device of FIG. 3 

44 and the fourth FET 46 are turned on and the first FET 43 comprises a pad 101 for a ground terminal, a pad 102 for the 

and the third FET 45 are turned off. Therefore, the trans- M ly tcxmina i 15At a ^ 103 for the antenna side input/ 

mission signal having been input through the first coupling output tcnDinB i 4X A , a pad 104 for the switch control signal 

capacitance 81A passes through the second FET 44 in an on input terminal 42A connected to the third FET 45 of the 

state to be transferred toward the antenna 30. At this point changeover switch 40, a pad 105 for the ground terminal and 

the receiver unit is electrically separated from the transmitter ^ somc terminal of the FET 12 at die first stage of the 

unit because the third FET 45 is off. and is short-circuited by M transmitter amplifier 10. a pad 106 for the transmission wave 

the fourth FET 46 in an on state. The transmission signal j t terminal 11A and the gate terminal of the FET 12 at the 

transferred toward the antenna 30 is input to the antenna side ^ stage of me transmitter amplifier 10. a pad 107 for the 

matching circuit 70A, subjected to impedance conversion to gate terminal of the second FET 44 of the changeover switch 

have characteristic impedance of 50 O by the antenna side 40 a ^ 108 fQr the ^itch con trol signal input terminal 

matching circuit 70A, and input to the antenna 30 through ^ 42A connected to the first FET 43 of the changeover switch 

the first wire 51. Then, the transmission signal is output 40 a p&d w for ^ control s i gnal mput terminal 

through the antenna 30 as an electric wave. 4 2A connected to the fourth FET 46 of the changeover 

In Embodiment 1 . the input impedance of the receiver low 4^ a pa( | no for the ground terminal, and a pad 111 

noise amplifier 20 is matched with the output impedance of for me reception wave output terminal 23A. 

Re transmitter amplifier 10 by the receiver matching circuit 35 ^ tfais nma when ^ entire elements constructing the 

60A in Uus manner As a result, there is no need to provide fr^ttf n^recsiving circuit are integrated on one chip, the 

a rnatching arcuit between the transmitter amplifier 10 and ^ ^ ^on of Embodiment 1 enables the antenna 

the changeover switch 40, and the transmitter ampkfier 10 ^ Mi ?0A which h conventioaaUv rcqu ired 

can be directly connected to the changeover switch 40. T*us. to ^ ^ ^ d m ^ ^ t0 ^ ^ ^ outside rf me 

it is possible to decrease the characteristic impedance of the ^ c j. r 

changeover switch 40 to be lower than 50 CI. This results in J : ' Jt . . , . J t . . m ^ A . 

lowering the characteristic impedance of a portion between 10 add J Uon < thc T Sldc ; ™* 15 

the changeover switch 40 and the antenna side matching commonly used in transmitting and receiving a signal, the 

circirit70Atobesrnauerthan50 sues ? f me ^uctors 61 and 62 included in the receiver 

leak from the transmitter amplifier 10 to the receiver low 45 matching circuit 60B can be decreased, resulttng in realizing 

noise amplifier 20 when the changeover switch 40 switches •compact and inexpensive semiconductor integrated circuit 

on the connection between the transmitter amplifier 10 and device. 

the antenna 30, thereby improving the isolation character- The transmitter amplifier 10, the receiver low noise 

istic. Also, when the changeover switch 40 switches on the amplifier 20 a nd th e changeover switch 40 of Embodiment 

connection between the receiver low noise amplifier 20 and x 1 use GaAs FETs, which can be replaced with silicon 

the antenna 30, fewer signals leak from the receiver low MOSFETs. 

noise amplifier 20 to the transmitter amplifier 10. „ ... 

In addition, since the antenna side rnatching circuit 70A 

can be disposed between the antenna 30 and the antenna side A d'ansmitting/receiving circuit for a radiocornmunication 

input/output terminal 41 A, the antenna side matching circuit 55 apparatus of Embodiment 3 of the invention will now be 

70A can be taken out of the transmitting/receiving integrated described referring to the accompanying drawing, 

circuit 1. Accordingly, the area of the integrated chip can be FIG. 5a shows the rough configuration of the 

decreased, resulting in reducing the size and the cost of die transmitting/receiving circuit for a radirconimuni cation 

transmitting/receiving circuit apparatus of this embodiment, which is different from that of 

Furthermore, since the antenna side rnatching circuit 70A 60 Embodiment 1 in the following points: A transmitter match- 
is commonly used in receiving and transmitting a signal, the ing circuit is provided between a transmitter amplifier and a 
size of the receiver matching circuit 60A can be decreased, changeover switch, while no matching circuit is disposed 
resulting in further reducing the size and the production cost between a receiver low noise amplifier and the changeover 
of the entire chip. switch in this embodiment. 

In the transmitting/receiving circuit of Embodiment 1. it 65 In order to adopt this configuration, a silicon bipolar 

is possible to integrate the antenna side matching circuit 70A transistor and a GaAs FET are required to be used in the 

with the transmitting/receiving integrated circuit 1. receiver low noise amplifier and the transmitter amplifier. 
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respectively. In addition, the input impedance of the silicon In the conventional configuration, since the characteristic 

bipolar transistor is required to be lower than that of the impedance ZO of the wire 54 is 50 Q as that of the first wire 

GaAs FET. In this case, the input impedance of the trans- 51, the following expression holds: 

mitter amplifier should be lowered by the transmitter match- 7 

ing circuit to be matched with the output impedance of the 5 i^ioxk* ((loo+Ronyioo) <w 

receiver low noise amplifier. Thus, the insertion loss L depends upon the characteristic 

(Embodiment 4) (i.e.. Ron) of the second FET 44. 

' In contrast, in the configuration of Embodiment 4. since 

A transmitting/receiving circuit for a radiocommunication the transmitter matching circuit BOC is provided, the char- 
apparatus of Embodiment 4 of the invention will now be io acteristic impedance of the wire 54 can be set to be optimal 
described referring to the accompanying drawings. for the changeover switch 40, Specifically, by increasing the 

FIG. Sb shows the rough configuration of the value of ZO. the value of (2Z0+Ron)/2xZ0) 2 can be 

tran smittin g/recei vin g circuit for a radiocommunication decreased, thereby imnimizing the insertion loss L of the 

apparatus of this embodiment wherein a transmitter match- second FET 44. 

ing circuit is disposed between a transmitter amplifier and a 15 Furthermore, when the insertion loss L of the second FET 

changeover switch and a receiver matching circuit is dis- 44 is retained to be constant, the gate width of the second 

posed between a receiver low noise amplifier and the FET 44 can be niinimized. Specifically, in expression 1. 

changeover switch. This configuration is apparently similar when the on resistance at the time of Z0=50 CI is indicated 

to mat of the conventional transmitting/receiving circuit but as Ronl. the on resistance at the time of Z0=100 CI is 

is different in the following point : The characteristic imped- 20 indicated as Ron2, and the insertion loss L of the second FET 

ance of a wire extending between an antenna side matching 44 is assumed to be constant, the following expression 

circuit and an antenna is 50 CI. while that of a wire extending holds: 
between the antenna side matching circuit and the 

changeover switch is set to be optimal for the changeover L - lOx k>g((2 x 50 + Roniyi x 50) 1 

switch in Embodiment 4. 23 

Thus, in this embodiment, the impedance of the wire from 

the antenna side matching circuit to the changeover switeh From ^ expression. Ron2=2xRonl is obtained, 

is set to be optimal for the changeover switch, and in order Sijicc ^ on resistance Ron of an FET is inversely 

to attain the optimal impedance, the transmitter matching proportional to the gate width Wg of the FET, when the on 

circuit is provided between the transmitter amplifier and the resistance Ron is doubled, the gate width Wg is halved, 

changeover switch and the receiver matching circuit is Specifically, since the changeover switch 40 occupies the 

provided between the receiver low noise amplifier and the largest ^ m mc transmitting/reviving circuit, the area of 

changeover switch. me changeover switch 40 can be reduced by optimising the 

Now. the significance of setting the impedance of the 35 characteristic impedance of the changeover switch 40 so as 

portion between the antenna side matching circuit and the t0 decrease the size of the second FET 44 of the changeover 

changeover switch at an optimal value for the changeover switch 40. Thus, even when the areas of the transmitter and 

switch will be described referring to FIG. 6. receiver matching circuits 60C and 60D arc rather large, the 

The configuration of FIG. 6 comprises a transmitter area of the changeover switch 40 can be further decreased, 

amplifier 10. a receiver low noise amplifier 20. an antenna m and hence, the entire area of the transmitting/receiving 

30 for transmitting and receiving a signal, a changeover circuit can be made smaller. In this manner, the transmitting/ 

switch 40. a first wire 51 with characteristic impedance of 50 receiving circuit can be made compact. 

CI connecting the antenna 30 to the changeover switch 40, a Furthermore, for the aforementioned reason, when the 

transmitter matching circuit 60C for matching the output gate width Wg of the second FET 44 is constant, the 

impedance of the transmitter amplifier 10 with the optimal 45 insertion loss L of the second FET 44 can be halved, 

characteristic impedance of the changeover switch 40, a In this manner, by optimizing the characteristic imped- 

receiver matching circuit 60D for matching the input imped- ance of the changeover switch 40, the insertion loss of the 

ance of the receiver low noise amplifier 20 with the optimal second FET can be minimized. In addition, by making 

characteristic impedance of the changeover switch 40, an constant the insertion loss of the second FET. the gate width 

antenna side matching circuit for matching the optimal ^ of the second FET, and in its turn, the area of the second FET 

characteristic impedance of the changeover switch 40 with can be reduced, 
the characteristic impedance of 50 CI of the first wire 51, a 

first coupling capacitance 81A for coupling the transmitter (Erabodirnent 5) 

matching circuit 60C and the changeover switch 40, and a A transmitting/receiving circuit for a radiocommunication 

second coupling capacitance 82A for coupling the receiver 35 apparatus according to Embodiment 5 of the invention will 

low noise amplifier 20 and the changeover switch 40. be described referring to FIG. 7. 

First, in the case where (he changeover switch 40 switches The transmitting/receiving circuit of FIG. 7 comprises a 

on the connection between the transmitter amplifier 10 and transmitter amplifier 10, a receiver low noise amplifier 20. 

the antenna 30, insertion loss of the second FET 44 serving an antenna 30 for transmitting and receiving a signal, a 

as a transmitter through FET will be examined, 60 changeover switch for switching the connection between the 

When the insertion loss of the second FET 44 is indicated transmitter amplifier 10 and the antenna 30 and the connec- 

by L, the following expression 1 holds: tion between the receiver low noise amplifier 20 and the 

t „™ n w^rto ,„ „v antenna 30, from one to the other, a receiver matching circuit 

L=40xlog ((2ZO+Rooy2xZOr dB (1) ^ A A r . . . . . ^ r 

60A for matching the input impedance of the receiver low 

wherein Z0 indicates the characteristic impedance of a wire 65 noise amplifier 20 with the output impedance of the trans- 

54 on which the second FET 44 is disposed, and Ron mitter amplifier 10. an antenna side matching circuit 70A for 

indicates the on resistance of the second FET 44. niatching the input impedance of the receiver low noise 


03/11/2004, EAST Version: 1.4.1 


5,784,687 


17 


18 


amplifier 20 and the output impedance of the transmitter 
amplifier 10, which are matched with each other by the 
receiver matching circuit 60A. with characteristic imped- 
ance of 50 CI of a wire connected to the antenna 30. a first 
coupling capacitance 81 A for directly coupling the output of 
the transmitter amplifier 10 and the input of the changeover 
switch 40. and a second coupling capacitance 82A for 
directly coupling the input of the receiver low noise ampli- 
fier 20. which is matched with the output impedance of the 
transmitter amplifier 10 by the receiver matching circuit 
60A, and the output of the changeover switch 40. 

The transmitter amplifier 10 and the changeover switch 40 
having the above-described configuration are formed on one 
semiconductor substrate 1. 

The transmitting/receiving circuit of Embodiment 5 is 
characterized in that the changeover switch 40 has an FET 
14 disposed at the last stage of the transmitter amplifier 10 
and serving as a transmitter shunt FET. a second FET 44 
serving as a transmitter through FET, a third FET 45 serving 


10 


15 


of the battery. Therefore, even when the grounded FET 14 at 
the last stage is on, no drain current flows therethrough. 
Thus, a high frequency signal can be grounded. In this 
manner, the FET 14 at the last stage of the transmitter 
amplifier 10 can work as the transmitter shunt FET of the 
changeover switch 40. Specifically, in transmitting a signal, 
since the FET 14 at the last stage of the transmitter amplifier 
10 works as an FET at the last stage of the transmitter 
amplifier 10, the gate terminal thereof is supplied with the 
bias voltage Vg2 of. for example. -5 V. In receiving a signal, 
the FET 14 at the last stage of the transmitter amplifier 10 
works as the transmitter shunt FET of the changeover switch 
40. and hence, the gate terminal thereof is supplied with the 
bias voltage Vg2 of. for example. 0 V. 

Thus, this embodiment can simplify the configuration of 
a transmitting/receiving circuit for a radiocommunication 
apparatus. In addition, when the transmitting/receiving cir- 
cuit is formed as a semiconductor integrated circuit, the 
number of the elements contained therein can be decreased. 


as a receiver through FET, and a fourth FET 46 serving as 20 the size of the resultant radiocommunication apparatus can 


25 


30 


35 


40 


a receiver shunt FET, 

The transmitting operation of this circuit will now be 
described. 

In transmitting a signal, bias voltages Vgl and Vg2 are 
respectively applied to the gate terminals of an FET 12 at the 
first stage and the FET 14 at the last stage of the transmitter 
amplifier 10. and a supply voltage Vdd is applied to the 
source terminals of the FETs 12 and 14, thereby amplifying 
a modulated signal input to the transmitter amplifier 10 up 
to a sufficiently high level to be supplied to the antenna 30. 
In the changeover switch 40, control voltages Vcl and Vc2 
are applied to the respective FETs so that those on the 
transmitter side are turned on and those on the receiver side 
are turned off. Specifically, for example, the gate terminals 
of the second FET 44 and the fourth FET 46 are supplied 
with a voltage of 0 V as the control voltage Vcl, and the gate 
terminal of the third FET 45 is supplied with a voltage of -5 
V as the control voltage Vc2. In this case, since there is no 
need to operate the receiver low noise amplifier 20, no 
supply voltage is applied to the receiver low noise amplifier 
20. 

The receiving operation of the circuit will now be 
described. 

In receiving a signal, a necessary supply voltage is applied 45 
to the receiver low noise amplifier 20, thereby allowing the 
receiver low noise amplifier 20 to amplify a weak signal that 
has been input from the antenna 30 through the antenna side 
matching circuit 70A. the changeover switch 40, the second 
coupling capacitance 82A and the receiver matching circuit 50 
60A to the receiver low noise amplifier 20. It goes without 
saying that a high frequency signal input to the receiver low 
noise amplifier 20 at this point has been subjected to 
impedance matching by the antenna side matching circuit 
70A and the receiver matching circuit 60A as is described 55 
referring to Embodiment 1. In the changeover switch 40, the 
control voltages Vcl and Vc2 and the bias voltage Vg2 are 
applied to the respective FETs so that those on the trans- 
mitter side are turned off and those on the receiver side are 
' turned on. Specifically, for example, the second FET 44 and 60 
the fourth FET 46 are supplied with a voltage of -5 V as the 
control voltage Vcl and the third FET 45 is supplied with a 
voltage of 0 V as the control voltage Vc2. 

The FET 14 at the last stage of the transmitter amplifier 
10 serving as the transmitter shunt FET is supplied with a 65 
voltage of 0 V. In receiving a signal, no supply voltage is 
applied to the transmitter amplifier 10 in order to save power 


be minimized, the area of the semiconductor integrated 
circuit can be also minimized, and there is no need to adjust 
a high frequency signal. This results in a low production cost 
of the radiocommunication apparatus. 
We claim: 

1. A transmitting/receiving circuit for a radiocommunica- 
tion apparatus comprising: 

a transmitter amplifier for amplifying an input transmis- 
sion signal and outputting the amplified transmission 
signal; 

a receiver amplifier for amplifying an input received 
signal and outputting the amplified received signal; 

a changeover switch having an antenna side input/output 
terminal through which the transmission signal is out- 
put to an antenna via a wire haying prescribed charac- 
teristic impedance and the received signal is input from 
the antenna via the wire, for switching a first connec- 
tion state for outputting the transmission signal 
received from the transmitter amplifier via no matching 
circuit to the antenna side input/output terminal and a 
second connection state for outputting the received 
signal received through the antenna side input/output 
terminal to the receiver amplifier, from one to the omen 

a receiver matching circuit interposed between the 
changeover switch and the receiver amplifier for 
matching input impedance of the receiver amplifier 
with output impedance of the transmitter amplifier; and 

an antenna side matching circuit interposed between the 
wire and the changeover switch for matching the char- 
acteristic impedance of the wire with the output imped- 
ance of the transmitter amplifier: 
wherein the changeover switch has a transmitter 
through FET and a transmitter shunt FET connected 
in series to each other and a receiver through FET 
and a receiver shunt FET connected in series to each 
other. 

the transmitter amplifier has at least one amplifier FET 
for amplifying the input transmission signal, and 

the amplifier FET at a last stage of the transmitter 
amplifier also works as the transmitter shunt FET of 
the changeover switch. 

2. A transmitting/receiving circuit for a radiocommunica- 
tion apparatus comprising: 

a transmitter amplifier for amplifying an input transmis- 
sion signal and outputting the amplified transmission 
signal; 
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a receiver amplifier for amplifying an input received 
signal and outputting the amplified received signal; 

a changeover switch having an antenna side input/output 
terminal through which the transmission signal is out- 
put to an antenna via a wire having prescribed charac- 5 
teristic impedance and the received signal is input from 
the antenna via the wire, for switching a first connec- 
tion state for outputting the transmission signal 
received from the transmitter amplifier to the antenna 
side input/output terminal and a second connection 10 
state for outputting the received signal received through 
the antenna side input/output terminal to the receiver 
amplifier, from one to the other; 

a transmitter matching circuit interposed between the 
transmitter amplifier and the changeover switch for 
matching output impedance of the transmitter amplifier 
with input impedance of the receiver amplifier; and 

an antenna side matching circuit interposed between the 
wire and the changeover switch for matching the char- ^ 
acted stic impedance of the wire with the input imped- 
ance of the receiver amplifier. 

3, A transmitting/receiving circuit for a radiocommunica- 
tion apparatus comprising: 

a transmitter amplifier for amplifying an input transmis- 2 5 
sion signal and outputting the amplified transmission 
signal; 

a receiver amplifier for amplifying an input received 
signal and outputting the amplified received signal; 

a changeover switch having an antenna side input/output 30 
terminal through which the transmission signal is out- 
put to an antenna via a wire having prescribed charac- 
teristic impedance and the received signal is input from 
the antenna via the wire, for switching a first connec- 
tion state for outputting the transmission signal 35 
received from the transmitter amplifier to the antenna 
side input/output terminal and a second connection 
state for outputting the received signal received through 
the antenna side input/output terminal to the receiver 
amplifier, from one to the other; 40 

a transmitter matching circuit interposed between the 
transmitter amplifier and the changeover switch for 
matching output impedance of the transmitter amplifier 
with optimal characteristic impedance of the 
changeover switch; 43 

a receiver matching circuit interposed between the 
changeover switch and the receiver amplifier for 
matching input impedance of the receiver amplifier 
with the optimal characteristic impedance of the 
changeover switch; and 

an antenna side matching circuit interposed between the 
wire and the changeover switch for matching the char- 
acteristic impedance of the wire with the optimal 
characteristic impedance of the changeover switch. 5J 

4. A transmitting/receiving circuit for a radiocommu nica- 
tion apparatus comprising: 

a transmitter amplifier having at least one amplifier FET 
for amplifying an input transmission signal; 

a receiver amplifier for amplifying an input received $o 
signal and outputting the amplified received signal; and 

a changeover switch having an antenna input/output ter- 
minal through which the transmission signal is output 
to an antenna and the received signal is input from the 
antenna, a transmitter through FET and a transmitter 65 
shunt FET connected in series to each other, and a 
receiver through FET and a receiver shunt FET con- 


50 


nected in series to each other, for switching a first 
connection state for outputting the transmission signal 
received from the transmitter amplifier to the antenna 
side input/output terminal and a second connection 
state for outputting the received signal received through 
the antenna side input/output terminal to the receiver 
amplifier, from one to the other, 
wherein the amplifier FET at a last stage of the transmitter 
amplifier works also as the transmitter shunt FET of the 
changeover switch, 

5. A semiconductor integrated circuit device comprising: 
a semiconductor substrate; 

a transmitter amplifier formed on the semiconductor sub- 
strate for amplifying an input transmission signal and 
outputting the amplified transmission signal; 

a receiver amplifier formed on the semiconductor sub- 
strate for amplifying an input received signal and 
outputting the amplified received signal; 

a changeover switch formed on the semiconductor sub- 
strate having an antenna side input/output terminal 
through which the transmission signal is output to an 
antenna via a wire having prescribed characteristic 
impedance and an antenna side matching circuit for 
matching the characteristic impedance of the wire with 
output impedance of the transmitter amplifier and the 
received signal is input from the antenna via the wire 
and the antenna side matching circuit, for switching a 
first connection state for outputting the transmission 
signal received from the transmitter amplifier via no 
matching circuit to the antenna side input/output ter- 
minal and a second connection state for outputting the 
received signal received through the antenna side input/ 
output terminal to the receiver amplifier, from one to 
the other; and 

a receiver matching circuit formed on the semiconductor 
substrate and interposed between the receiver amplifier 
and the changeover switch for matching input imped- 
ance of the receiver amplifier with the output imped- 
ance of the transmitter amplifier: 
wherein the changeover switch has a transmitter 
through FET and a transmitter shunt FET connected 
in series to each other and a receiver through FET 
and a receiver shunt FET connected in series to each 
other. 

the transmitter amplifier has at least one amplifier FET 
for amplifying the input transmission signal; and 

the amplifier FET at a last stage of the transmitter 
amplifier works also as the transmitter shunt FET of 
the changeover switch. 

6. A semiconductor integrated circuit device comprising: 
a semiconductor substrate; 

a transmitter amplifier formed on the semiconductor sub- 
strate and having at least one amplifier FET for ampli- 
fying an input transmission signal; and 

a changeover switch formed on the semiconductor sub- 
strate and having an antenna input/output terminal 
through which the transmission signal is output to an 
antenna and a received signal is input from the antenna, 
a transmitter through FET and a transmitter shunt FET 
connected in series to each other, a receiver through 
FET and a receiver shunt FET connected in series to 
each other, for switching a first connection state for 
outputting the transmission signal received from the 
transmitter amplifier to the antenna side input/output 
terminal and a second connection state for outputting 
the received signal received through the antenna side 
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input/output terminal to the receiver amplifier, from 

one to the other, 
wherein the amplifier FET at a last stage of the transmitter 

amplifier works also as the transmitter shunt FET of the 5 

changeover switch. 
7. A radiocommunication apparatus comprising: 
an antenna; 

a wire connected to the antenna and having prescribed 
characteristic impedance; 

a transmitter amplifier for amplifying an input transmis- 
sion signal and outputting the amplified transmission 
signal; 

a receiver amplifier for amplifying an input received is 
signal and outputting the amplified received signal; 

a changeover switch having an antenna side input/output 
terminal through which the transmission signal is out- 
put to the antenna via the wire and the received signal 
is input from the antenna via the wire, far switching a 20 
first connection state for outputting the transmission 
signal received from the transmitter amplifier to the 
antenna side input/output terminal and a second con- 
nection state for outputting the received signal received ^ 
through the antenna side input/output terminal to the 
receiver amplifier via no matching circuit, from one to 
the other; 

a transmitter matching circuit interposed between the 
transmitter amplifier and the changeover switch for 30 
matching output impedance of the transmitter amplifier 
with input impedance of the receiver amplifier; and 

an antenna side matching circuit interposed between the 
wire and the changeover switch for matching the char- 35 
acteristic impedance of the wire with the input imped- 
ance of the receiver amplifier. 


8. A radiocommunication apparatus comprising: 
an antenna; 

a wire connected to the antenna and having prescribed 
characteristic impedance; 

a transmitter amplifier for amplifying an input transmis- 
sion signal and outputting the amplified transmission 
signal; 

a receiver amplifier for amplifying an input received 
signal and outputting the amplified received signal; 

a changeover switch having an antenna side input/output 
terminal through which the transmission signal is out- 
put to the antenna via the wire and the received signal 
is input from the antenna via the wire, for switching a 
first connection state for outputting the transmission 
signal received from the transmitter amplifier to the 
antenna side input/output terminal and a second con- 
nection state for outputting the received signal received 
through the antenna side input/output terminal to the 
receiver amplifier, from one to the other; 

a transmitter matching circuit interposed between the 
transmitter amplifier and the changeover switch for 
matching output impedance of the transmitter amplifier 
with optimal characteristic impedance of the 
changeover switch; 

a receiver matching circuit interposed between the 
changeover switch and the receiver amplifier for 
matching input impedance of the receiver amplifier 
with the optimal characteristic impedance of the 
changeover switch; and 

an antenna side matching circuit interposed between the 
wire and the changeover switch for matching the char- 
acteristic impedance of the wire with the optimal 
characteristic impedance of the changeover switch. 
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